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Abstract
Temporal and Spatial Analysis of The Wage Gap for Women and Underrepresented
Minorities in The Architecture, Engineering, and Construction (AEC) Workforce
By
Saba Nikkhah Manesh
Dr. Jin Ouk Choi
Examination Committee Chair
Assistant Professor, Department of Civil & Environmental Engineering and Construction
University of Nevada, Las Vegas

The Architecture, Engineering, and Construction (AEC) industry has failed to solve persistent
labor shortage problems or to fill the labor demand in the workforce by recruiting from
untapped/underrepresented groups such as Women and Underrepresented Minorities (WUMs).
There have been several studies on diversity and inclusion in the AEC industry, but the issue still
persists, as the AEC industry has failed to solve these issues. If the industry better understands the
status of wage gaps by gender and race, as well as how the industry has performed in terms of
providing comparable wages for the workforce over time, along with the geographical distribution
and spatiality of the wage gaps, the industry can focus on the target wage gap issues and improve
its chances of attracting and retaining a diverse workforce. Therefore, in this study, using American
Community Survey (ACS) data source, the researcher first investigated WUM’s participation, and
workforce diversity by gender and race. Secondly, the researcher studied the gender and race wage
gaps and differences using Welch’s t test in the AEC occupations temporally, with and without
controlling for the education level of the workforce. Finally, the researcher analyzed the spatial
iii

variation of the gender wage gap across the United States using Exploratory Spatial Data Analysis
(ESDA) approach to provide an additional dimension to the study of wage disparity, not only
because analyzing wage gaps based solely on the national average may mask regional
differences, but also because wage gaps have major roles in area-based public policies that
are targeted to eliminate wage disparities. The results indicate that women have been more
underrepresented in construction than engineering professions, whereas minorities have been
more underrepresented in engineering jobs. Additionally, the gender wage gap in construction
occupations is considerably lower than Architecture and Engineering (A&E), contrary to race
wage gaps, where the opposite is true. Furthermore, there are significant racial/ethnic wage
differences (minorities relative to whites) in construction jobs, and the race wage gaps had
an increase among college-educated minorities. In the A&E industry, the African American to
White wage gap has increased for the majority of the African Americans who had lower than
“above bachelor” degrees. Surprisingly, the gender wage gap increased in 2015 compared to
2011 with higher education levels in A&E professions, contrary to construction, in which the
gender wage gap is the least for the most educated women in all sample years. This study will
contribute to the existing body of knowledge in the area of workforce diversity and inclusion by
identifying the temporal changes in wage gaps in the AEC industry by education, and
analyzing the spatiality of the gender wage gaps. The research also contributes to the AEC
industry by identifying the target workforce by education, gender, and race, which requires the
industry’s attention. The industry’s understanding of the wage disparities can help practitioners to
realize and address wage gaps, which will help them to improve in attracting and retaining WUMs
to the workforce.
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Chapter 1.

Introduction

1.1. Background
The construction industry, one of the largest job providing sectors in the U.S., is rapidly
growing and having problems with a labor shortage, as well as a severely unbalanced composition
of employment between males and females, and whites and non-whites. Industry experts
concluded that existing sources of hiring would not be sufficient soon (CII, 2015) and industry
should utilize more the virgin source of candidates that is Women and Underrepresented Minorities
(WUMs) to meet the demand which will also help the economic growth of the nation (AGC, 2018;
CII, 2015). However, the industry continues to struggle to attract WUMs to the AEC professions
and diversify the workforce. To attract more WUMs to the industry, it is essential to provide them
equal opportunities. Equal opportunity is a broad term and applies to different aspects of the
workforce from equal pay/compensation for the same work regardless of gender and race/ethnicity
to promotion opportunities and non-financial rewards, as well. Providing equal pay for
underrepresented groups is a controversial topic, and gender and racial/ethnic wage gaps have been
studied in the workforce in general. Although the labor cliff in the AEC industry has received
scholars’ attention to investigate the poor participation and issues of WUMs in the AEC workforce,
mainly women’s problems in the industry, the gender and racial/ethnic wage gaps in the AEC
industry have not been a focus of previous studies especially considering the education level of
the workforce.
1.2. Research Need

The construction industry is an essential part of the U.S. economy that is rapidly growing.
It is estimated that by 2030, construction volume will increase by 85% globally (Oxford
1

Economics, 2015), and more specifically, there will be an 11% growth in the number of
construction jobs in the United States from 2016 to 2026 (BLS, 2019). Considering the current job
market in the construction industry and its expected growth, the demand for a construction
workforce will also increase, which is a crucial concern of the U.S. construction industry. Although
advances in construction scheduling, estimating, equipment, and materials have offset the labor
shortage issue, the skilled labor shortage is getting worse (AGC, 2018; G. Levanon, Cheng, &
Paterra, 2014; Olsen, Tatum, & Defnall, 2012a; Rosenbaum, 2001). Attracting, utilizing, and
retaining an under-tapped source of the candidates - women and people of color - may be a viable
solution to meet the construction industry workforce demand (CII, 2015). However, in 2019
women and African Americans comprised only 10.3% and 6.4% of the total construction
workforce, respectively, which is considerably lower than their relative share in the total
population of the workforce (47% for women and 12.3% for African Americans) (BLS, 2019).
Attracting WUMs to the industry not only requires attention at education level from K-12
to a college education by providing training and improving perceptions toward the construction
industry (Karimi, Taylor, Dadi, Goodrum, & Srinivasan, 2018) but also needs industry attention
to provide equal opportunities for all of the workforce including comparable wages regardless of
their race/ethnicity or gender. If the industry performs well in providing equal opportunities and
reducing gender and race/ethnicity wage gaps, the chances of attracting and retaining qualified
WUM candidates will increase. While some previous studies investigated some issues WUMs
have in the industry specifically women’s issues, there is no such research that studied the gender
and race/ethnicity wage gaps in the AEC industry and how the wage disparities vary and have
changed temporally at different education levels. There is a need for a study that can help the AEC
industry to better understand the status of the WUMs in terms of improvement in their share as
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well as wage gaps, compared to the dominant group that is white males. In other words, the
industry needs to understand which groups of WUMs have faced higher wage gaps. Is this wage
gap coming from more educated WUMs or those less educated?
Also, the construction industry is a cyclical one undergoing periods of economic prosperity
and downturn. Besides that, the impact of the Great Recession on construction firms adds more
challenges and complexities to this vulnerable industry (Hadi, 2011). The job losses in construction
during the latest recession were 19.8% of total nonfarm employment losses. During the recession,
most of the employees faced a decrease in their salaries, bonus elimination, and longer working
hours to compensate for the lost working hours of their laid-off co-workers (Tansey, Cleland, &
Meng, 2013). It is crucial to identify if all the workforce, regardless of gender identity or
race/ethnicity, were equally impacted or not. If underrepresented groups are victimized during the
economic downturn, they may lose their trust in their jobs, which eventually might lead to the loss
of this potential labor source. Nevertheless, the impact of the Great Recession on the AEC
workforce and, more specifically, WUMs has not yet been studied.
Understanding the scope of the problem and its magnitude is vital to solving it. Further, it
should be noted that temporally varying wage differences among workers also vary by regional
factors. While it is critical to analyze the wage gaps among WUMs and how it has changed over
time, it is also vital to investigate the spatial variation of the gap across the United States because
a single indicator of the wage gap as national average masks regional variations in wage gaps.
However, no previous study investigated the regional differences of the wage gaps in the AEC
industry in the United States implementing advanced spatial analysis methods. Applying spatial
techniques to the topics in regional science is commonly used when advising social planners and
policymakers. Moreover, regional variations of wage gaps have a major role in area-based public
3

policies targeted to eliminate wage disparities. It is essential to understand the spatiality of the
wage gaps and to identify which states have higher wage gaps that require more attention from the
industry. For the industry to address and narrow down the wage gaps, this detailed information
about WUMs is vital.
1.3. Research Objectives
The primary purpose of this research is to investigate, analyze, and understand WUMs’
distribution and also the gender and racial/ethnic wage gaps within the AEC workforce temporally
unadjusted and adjusted for the education level of the workforce and to study the gender wage
gaps spatially. The objectives of this research are as follows:
Temporal Analysis:
1- To temporally identify women and underrepresented minorities’ participation (share)
in the AEC occupations and to quantify the workforce diversity by gender and
race/ethnicity.
2- To temporally identify the gender and racial/ethnic wage gaps and differences in the
AEC workforce:
a. Wage gap is aimed to identify the gender and racial/ethnic wage gaps in terms of
how much lower (in percentage) WUMs earned compared to the dominant group
(males for gender wage gap and White for racial/ethnic wage gap).
b. Wage difference is aimed to investigate if there is a significant difference between
the average income of WUMs and the dominant group using the statistical method.
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Education Level Analysis:
3- To identify the gender and racial/ethnic wage gaps and differences at different
education levels and their changes over time.
4- To analyze whether the average income of the AEC workforce for all gender and
race/ethnic groups increases with a higher level of education.
Spatial Analysis:
5- To analyze the spatial pattern of the gender wage gap in different states and also at the
global and local levels.
6- To identify the states with lower/higher gender wage gap than the national average, and
investigating similar characteristics of the states with lower/higher gender wage gaps
in terms of workforce education and women’s share.
1.4. Research Questions
The research questions and hypotheses for this study are as follows.
Temporal Analysis:
1-

Has there been any change in the gender and racial/ethnic diversity of the AEC
workforce during the sample years of the study?

2-

Did the gender and racial/ethnic wage gaps change in the AEC industry?
a.

Have the gender and racial/ethnic wage gaps change recently (without
controlling for education)?

b.

Is there a significant difference between the average income of WUMs as
compared to whites and males?
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Education Level Analysis:
3-

Is there gender and racial/ethnic wage gap among the AEC workforce with the same
educational attainment?
a.

If there is such a gap, how has it changed throughout the sample years?

b.

Is there a significant difference in the average income of the AEC workers
with the same educational attainment by gender and race/ethnicity?

4-

Does a higher education level bring a different income for all gender and
race/ethnicity groups in the AEC workforce?

Spatial analysis
5-

Does the gender wage gap vary across the states in the AEC occupations?

6-

Is there a global and local spatial autocorrelation of the gender wage gap in the
AEC occupations in the U.S.?

7-

What are the similar attributes of states with a lower (higher) gender wage gap than
the national average in AEC occupations?

1.5. Research Hypotheses and Null Hypotheses
Throughout this study, certain research hypotheses will be tested. The following
hypotheses are tested in this study:
H1: There has been a change in the AEC workforce diversity by gender and race/ethnicity.
H2: There are significant gender and racial/ethnic wage differences in the AEC occupations
even though the wage gaps have decreased.
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H3: 1) There are significant gender and racial/ethnic wage differences in the AEC occupation
controlling the education level of the workforce; 2) the gender and racial/ethnic wage gaps are
lower for the more educated workforce compared to the less educated group.
H4: Higher education brings a significantly different income for all of the gender and
race/ethnic groups in the AEC industry.
H5: There is a difference in the gender wage gap in the AEC occupations in different states.
H6: There is a global spatial autocorrelation (defined as statistically significant geographical
patterns or a systematic spatial distribution pattern) and local spatial autocorrelation for the
gender wage gap in the AEC occupations across the U.S.
H7: There is a higher share of women (or an increase in women’s share compared to the
previous years) and the more educated AEC workforce (than the national average) in states
with gender wage gap lower than the national average.
Therefore, the null hypotheses are as follows:
H0 1: There has been no change in the AEC workforce diversity by gender and race/ethnicity.
H0 2: There are no significant gender and race/ ethnicity wage differences in the AEC
occupations.
H0 3: 1) There are no significant gender and racial/ethnic wage differences in the AEC
occupation controlling the education level of the workforce; 2) the gender and racial/ethnic
wage gaps are not lower for more educated workforce compared to less educated group.
H0 4: Higher education does not bring a statistically different income for all of the gender and
race/ethnic groups in the AEC industry.
H0 5: There is no difference in the gender wage gap in the AEC occupations in different states.

7

H0 6: There is no global spatial autocorrelation (defined as statistically significant
geographical patterns or a systematic spatial distribution pattern) or local spatial
autocorrelation for the gender wage gap in the AEC occupations across the U.S.
H0 7: There is no higher share of women (or increase in women’s share compared to the
previous years) nor more educated AEC workforce (than the national average) in states with
gender wage gap lower than the national average.
1.6. Research Scope and Limitation
Gender and Underrepresented Minority Groups
The scope of this research only includes African Americans, Hispanics, and White nonHispanics for underrepresented minority analysis along with women and men of all races and
ethnicities (not limited to Hispanics, African Americans, and White non-Hispanics) in the AEC
occupations. In other words, for the gender analysis, women and men include all respondents
working in AEC occupations regardless of their race and ethnicity. Women and men can be
Hispanic of any origin, non-Hispanic, White, Black/African American/ Negro, American Indian
or Alaska Native, Chinese, Japanese, other Asians, other races, or combination of more than one
race group. Regarding race/ethnicity analysis and based on preliminary results, the researcher
investigated that the sample size for Native Americans in the AEC industry was not sufficient to
consider them for the purpose of this research. Moreover, the researcher did not include Asians
(including Chinese, Japanese, and other Asians) considering that previous studies have shown the
Asian to White wage gap (considering males) is not of concern (Hegewisch & Hartmann, 2019;
Wilson & Williams, 2019). The majority of the Asians in the AEC industry were males in the
sample years. Also, the preliminary analysis showed their income was higher than Whites’ average
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income in the AEC industry (based on the data for this research). Therefore, the researcher did not
find it interesting to consider Asians for the purpose of race wage gaps for this study.
Sample Years
The research problems were identified in September 2017. Data collection was initiated at
the same time, and the most recent available sample year was 2015. Therefore, the study includes
2007 (before the recession), 2011 (during the recession), and 2015 as the recovery year as well as
the most recent available year.
Factors Impacting the Wage Gap
Different factors have been suggested by previous scholars when analyzing the gender and
racial/ethnic wage gaps. Possible factors influencing the wage gaps in this study are years of work
experience, union, and non-union status, and location and major of the degree earned. Although
considering these variables helps better explaining the wage gaps, there were not available from
the data source (American Community Survey). The researcher did not find any data source that
has the aforementioned variables. The researcher should mention that considering these factors
especially years of work experience, union, and public status may change the magnitude of the
gender and racial/ethnic wage gaps. Future studies through surveys that consider these factors may
help to better understand and investigate the root causes of wage gaps
Sample Size Limitations
The researcher faced numerous sample size limitations for conducting the analysis. The
following analyses were not feasible because of limited sample size including:

9

-

Combining gender and race/ethnicity to analyze the wage gap for women of color
compared to white men and men of different races and ethnicities.

-

Considering women’s education level in each state for spatial analysis. Therefore,
spatial analysis is not controlled for the education level of women.

-

Different education grouping in A&E and construction occupations. Although the
researcher wanted to have the same education grouping for both A&E and construction
jobs, the lower education level of the construction workforce made the sample size
insufficient for those with bachelor's and above bachelor degrees. Therefore, a different
grouping was proposed for construction occupations.

-

Studying specific jobs within AEC occupations. The researcher should mention that
gender and racial/ethnic wage gaps may vary in different AEC occupations. For
instance, the gender wage gap among architects may differ from the gender wage gap
among civil engineers. Although it is essential to study the wage gaps separately for
each occupation with and without controlling the education level, the limited sample
size made it infeasible to conduct such a study.

Spatial Analysis
Spatial analysis is limited to the gender wage gap and does not include racial/ethnic wage
gaps. Although the American Community Survey (ACS) is nationally for both gender and
race/ethnic groups at the national level, it only represents gender groups at the state level making
the ACS data not suitable for conducting racial/ethnic analyses by states.
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1.7. Structure of the Dissertation
The study is organized into seven chapters, a set of appendices, and references. Chapter 2
focuses on the research background and the literature regarding the labor shortage in the
construction industry; WUMs’ issues in the AEC workforce; gender and racial/ethnic wage gaps
and causes; WUMs in AEC education at the high school and college level; the construction
industry during the great recession; and the geography of the gender wage gap. Chapter 3 will
cover the data source and methods of the study. It will explain the data source identification and
data characteristics for each analysis. It will also cover the methodology on how the analysis for
each research objective has been conducted. Chapter 4 covers the temporal analysis of the AEC
workforce by race/ethnicity and gender. Chapter 5 presents the education level analysis of the
wage gaps and differences by race/ethnicity and gender. Chapter 6 investigates the spatial analysis
of the gender wage gap. Chapter 7 summarizes the research findings, recommendations, and
contributions.
1.8. Summary of Frequently Used Abbreviations in The Study
The commonly used words and their abbreviations are summarized in the following table.

Table 1. List of Abbreviations
Term
Architecture, Engineering, and Construction
Architecture and Engineering
Women and Underrepresented Minorities
Hispanic
African American
White non-Hispanic
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Abbreviation
AEC
A&E
WUMs
HISP
AA
WNH

Chapter 2.

Research Background

2.1. Introduction
What are the women and underrepresented minorities' status in the construction industry?
What aspects of the underrepresented workforce in construction occupations have been studied so
far? These questions and relevant topics are addressed through the literature review. Sections 2
through 10 cover the present reviews of past studies and available statistics: an overview of the
labor shortage in the construction industry; issues of women in the construction industry; gender
wage gaps and causes; issues of underrepresented minorities in the construction industry;
racial/ethnic wage gaps and causes; women and underrepresented minorities in construction and
civil engineering education in high school and college; the construction industry during the great
recession; and the geography of the gender wage gap. Section 11 summarizes the previous studies
conducted and highlights that women in the construction industry and their education received
more attention from scholars compared to underrepresented minorities. Finally, the literature
review also sheds light on items missing from the literature.
2.2. Overview of Labor Shortage in the Construction Industry
The construction industry is an essential part of the U.S. economy, which is rapidly
growing. It is estimated that by 2030, construction volume will increase by 85%, equal to $15.5
trillion globally (Oxford Economics, 2015), and more specifically, there will be 11% growth
(average growth for all occupations is 7%) in the number of construction jobs, equal to 807,500
jobs in the United States from 2018 to 2028 (BLS, 2019a). Based on a geographical analysis of
the labor demand in the U.S. it was found out that there will be a need for 30% more electricians
and pipefitters in the Southwest, Southeast, Mid-Atlantic, and Midwest regions in order to meet
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the work demand. Similarly, twice as many welders will be required in all U.S. regions in order to
meet the demand for welding in the construction industry (Monooie, Albattah, Goodrum, &
Taylor, 2017). Taking into account the current job market in the construction industry and its
expected growth, the demand for a construction workforce, from trades-people to construction
managers, will also increase, which is a crucial concern of the U.S. construction industry (National
Center for Construction Education and Research, 2011). Additionally, the age of U.S. construction
workers has been rapidly increasing since 2006, indicating the workforce is not recruiting new
workers at the same pace that the retirement of skilled workers is happening (CII, 2015).
The labor shortage in the U.S. construction industry has been highlighted for the last three
decades, and despite the attention of scholars and industry leaders, there is still a concern that this
issue is becoming worse (Goodrum, 2004). In a recent study, it was found out that 52% of
construction firms in the U.S. were adversely affected by the skilled labor shortage (CII, 2015).
Similarly, the Association of General Contractors (AGC) stated that 80% of general contractors
reported issues hiring skilled laborers to fulfill their needs. Not surprisingly, 33% of the contractors
indicated that skilled labor will continue to be hard to hire, and 48% stated that it will ger even
harder to find and hire a skilled workforce in the next 12 months (AGC, 2018). The impact of a
skilled labor shortage on the cost performance of the construction projects was studied. Projects
that underwent workforce shortage had significantly higher cost overruns compared with projects
that did not experience a labor shortage (Karimi et al., 2018).
Owners and contractors in the Construction Industry Institute concluded that the existing
source of hiring in this industry will not be sufficient in the near future, and there will be a need to
utilize the virgin source of candidates that is women and people of color to meet the construction
industry’s workforce demands (CII, 2015).
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One of the vital elements for mitigating the labor shortage issue is improving, retaining,
and recruiting a skilled labor force. The skilled labor shortage could be ameliorated, not only when
issues are addressed within the current construction workforce, but also it requires attention in K12 education, in terms of providing training and improving perceptions toward the construction
industry (Karimi et al., 2018). Attracting, utilizing, and retaining the untapped source of the
candidates - women and people of color - may be a viable solution to meet the construction
industry’s workforce demands (CII, 2015). Improving workforce diversity not only address the
labor shortage, but also benefits the productivity, innovation, and financial performance of
organizations (Hatch, 2008; Petray, Doyle, Howard, Morgan, & Harrison, 2019; Watson & Froyd,
2007).
2.3. Issues of Women in the Construction Industry
Women have been tremendously underrepresented in the construction professions for a
long time. While in 2017, women comprised more than half of the workers in various industries
(53% in financial activities, 75% in education and health services, and 51% in leisure and
hospitality), they accounted for only 9% of the construction workforce, which is even lower than
their share in the mining industry, in which women comprised 13% of the total workforce (BLS,
2018). The share of women in construction occupations is slightly higher in construction
management professions compared to the construction trades. Women comprised 7.7% of
construction managers in 2018; however, their share in construction trades was 3.4% in 2018 (CPS,
2018). Similar to the construction professions, women’s shares in architecture and civil
engineering jobs are also low. In 2016, women comprised only 10% of the civil engineering
occupations, and their share in architecture professions was 24.2% of the total workforce (The
Economics Daily, 2018).
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Previous studies have explored the reasons for the poor participation of women in
construction-related occupations. Construction workplaces have been known for being highly
competitive, conflict dominated, and full of discrimination against women (Gale, 1994; Raiden,
2016; Wright, 2013). The first study about women in the construction industry was conducted
more than 25 years ago, arguing that women in construction are underrepresented compared to
their male co-workers although they are equally capable (Sommerville, Kennedy, & Orr, 1993).
Later studies further investigated the construction industry’s image, unequal opportunities, and
unattractiveness for women workers, along with reasons for the scarcity of female engineers. It
was concluded that women in engineering professions should work harder to prove themselves.
Further, they are treated with less respect in the industry, while their male counterparts get respect
more easily. Moreover, gaining credibility is much more difficult for women on field sites, and
job assignments are not equally assigned to women and men (Dainty, Bagilhole, Ansari, &
Jackson, 2004; Greed, 2000; Isaacs, 2001; Fielden et al., 2000).
Researchers have worked on the obstacles women face while working in construction
professions. These “glass ceilings” include:
1. Family responsibilities and maternity (Infante-Perea, Román-Onsalo, & Navarro-Astor,
2016)
2. Gender cliché (Infante-Perea et al., 2016)
3. Construction male-dominated culture (Infante-Perea et al., 2016)
4. Lack of self-confidence (Infante-Perea et al., 2016)
5. Sexual abuse (Infante-Perea et al., 2016)
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6. Fewer promotion opportunities (Abdullah et al., 2013; Azhar & Griffin, 2014; InfantePerea et al., 2016; Kaewsri & Tongthong, 2013; Le Jeune & Root, 2009; Navarro-Astor &
Caven, 2014)
7. Inequality in task assignments, in a way that women are excluded from site work and are
assigned office work (Infante-Perea et al., 2016; Kaewsri & Tongthong, 2013, 2014;
Navarro-Astor & Caven, 2014)
8. Hard-working conditions (Infante-Perea et al., 2016)
9. Discrimination in recruiting and hiring (Infante-Perea et al., 2016; Kaewsri & Tongthong,
2014).
10. Socialization problems with co-workers (Infante-Perea et al., 2016)
11. Double standards for performance evaluations (Laura Razo Godinez, 2008; Roberts,
Gardiner, Gilbert, & Vaughan, 2008).
Once the issues women deal with in the construction firms were brought to attention by
previous researchers, some in-depth case studies were conducted. In one study (Infante-Perea et
al., 2016), the perceived barriers for on-site construction jobs were studied for female and male
building engineers. Interestingly, women did not consider “lower salary than male colleagues” as
a major barrier in any of the on-site construction jobs compared to other obstacles. However, pay
has a higher rank for women (45.5%) as a barrier compared to men (14.6%). The only mutual
barrier perceived by females and males was “job market constraints.” Although “inadequate
preparation,” “lack of self-confidence,”, “biased boss,” “sexual discrimination in hiring,” and
“sexual harassment” were the most impactful carrier barriers for women, these were not men’s
anticipated barriers. Male building engineers are pretty confident they will not undergo
discrimination, conflicts, or hardships because of their gender from the very beginning of their
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profession, whereas there are big obstacles for women (Infante-Perea et al., 2016). Another study
delved into the role of gender in assessing the expertise perception among civil engineers.
Interestingly, women assessed women's expertise on a higher level than when men were asked to
rate women's expertise levels, indicating the existence of stereotypes as a legitimizing myth
(Poleacovschi, 2018).
2.4. Gender Wage Gaps and Causes
In recent decades, the higher education levels of women have played significant roles in
increasing women’s earnings and reducing wage disparity potential (Bobbitt-Zeher, 2007; Frehill,
1997; Monks & James, 2000; Zhang, 2008). The gender wage gap has narrowed since 1960, not
only because of improvement in women’s educational attainment and higher participation in the
workforce but also because men’s wages have increased at a slower rate (K. Miller & Deborah J,
2018).
Sociologists have ascribed the gender wage gap and its decrease to numerous factors. They
have argued that occupational segregation is one of the most contributing factors to the wage gap
between women and men. In other words, they believe that women earn less since they often work
in low-paying, female-dominated areas (Bielby & Baron, 1986; Petersen & Morgan, 1995;
Treiman & Hartmann, 1981 Hadas Mandel & Semyonov, 2014) and have also been encouraged to
choose part-time and low-paying jobs by some policies like parental leave (F. Blau & Kahn, 2013).
However, sex segregation levels have decreased, and women have started participating in maledominated occupations, especially in professional and managerial occupations (Blau, Brummund
and Liu, 2013; Jacobs, 1992; Weeden, 2004; Charles and Grusky, 2005; Blau, Brinton and Grusky,
2006; DiPrete and Buchmann, 2013). As a result, wage discrepancies between women and men
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have decreased slowly over time, and it has happened at a higher pace after the mid-1970s.
However, this improvement slowed down later in 2003 and 2004 (Cotter, Hermsen, & Vanneman,
2004; McCall, 2007; O’Neill, 2003). In 2017, women working full-time in the United States were
getting paid 80% of that paid to men, showing a 20% gender wage gap (Fontenot, Semega, &
Kollar, 2018). The wage gap was shown to be statistically significant in favor of men for 107 of
114 occupations (A. Levanon, England, & Allison, 2009). If the gender wage gap continues to
decrease at the same level at which it decreased from 1960 to 2017, women will reach equal pay
in 2059 (K. Miller & Deborah J, 2018).
Studies have indicated that poor participation of female students in some academic majors
may cause the wage gap they experience after graduation (Bobbitt-Zeher, 2007; Daymonti,
Andrisani, Daymonti, & Andrisani, 1984; Melguizo, 2011; Staniec, 2004; S. L. Thomas, 2000;
Xie & Shauman, 2003; Zhang, 2008). More importantly, female students are continually underrepresented in graduate programs especially in the science, technology, engineering, and
mathematics (STEM) majors (Malcom & Dowd, 2012; Monks & James, 2000; Perna, 2004; Sax,
2001; Zhang, 2008). Female under-representation in STEM majors has been studied in many types
of research (Bentley & Adamson, 2003; Perna, 2004; Sax, 2001; Xie & Shauman, 2003).
Additionally, there is a significant wage gap between women and men in their first ten years of
employment in STEM fields. The annual wage gap between women and men in STEM occupations
was 22.5% in 1997, reached 28% in 1994, and increased to 44% in 2003. Additionally, the share
of males working full-time in STEM increased from 79% in 1994 to 95% in 2003, whereas, the
share of women with full-time jobs in STEM decreased from 90% in 1997 to 81% in 2003 (Y. Xu,
2015).
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In addition to the poor participation of women in STEM academic majors, researchers have
argued that the occupational disadvantages of women in STEM fields are due to structural
impediments from the employers’ side, such as discrimination at the hiring stage and inequity in
salary (Bentley & Adamson, 2003; Y. J. Xu, 2008). The gender wage gap among engineers is more
significant in primarily technical occupations than social ones. Female engineers spending 10% or
more of their time on designing (technical activity) were penalized; however, there were no
penalties for engaging in social activities, including management (Cech, 2013). Moreover, a lower
possibility of getting a promotion, in addition to lower pay, make some STEM occupations less
attractive for women (Bentley & Adamson, 2003). Taking into account that the United States’
workplace is recognized for its arrangement for male career clichés and disregarding family
considerations (Firestone, Harris, & Lambert, 1999), it is deceptive to say women deliberately
choose lower-paid majors, and therefore, have a lower share of the labor market in STEM majors.
Considering evidence indicating “employers reward men for being fathers and penalize women
for being mothers” (Kmec, 2011), the more plausible reason for the gender wage gap in STEM
occupations is the society, which is not willing to acknowledge women who are managing their
dual roles in their incompatible job with their family expectations, and their home and family
responsibilities. (Y. Xu, 2015; Budig & England, 2001). Moreover, the results of a survey
conducted on construction workers and their employers indicated that the chance of women getting
promotions is one-third that of men, due to gender discrimination (Real Estate Monitor Worldwide,
Mar 9, 2018).
Some statistics regarding the gender wage gap in AEC occupations can provide a better
picture of women’s status in terms of equal pay in the AEC industry. A study on wage distribution
in construction occupations by gender has indicated that the gender wage gap has remained almost
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steady from 2006 to 2014 (Shrestha, Choi, Shrestha, Lim, & Nikkhah Manesh, 2020). Based on
Current Population Survey (CPS) data, the median weekly earnings of full-time wage and salary
workers between men and women in the construction and extraction occupations was 93.7% in
2015 (BLS, 2017b). Nevertheless, a detailed list of occupations in the construction and extraction
occupations exhibits that data for women’s earnings was not available for most of the construction
jobs, including inspectors, carpenters, boilermakers, construction laborers, electricians, painters,
steelworkers, etc. Women working as construction managers earn 86 cents to the dollar to their
male counterparts while doing the same job. The magnitude of this disparity is more noticeable
considering that women construction managers get paid $10,192 less per year (BLS, 2018b). For
civil engineering occupations, the gender-based weekly earning gap was 11.9% in 2017, meaning
female civil engineers earn $9,412 less per year compared to male civil engineers. Unfortunately,
data for the earnings of women as architects were not available from CPS data (BLS, 2018b).
2.5. Issues of Underrepresented Minorities in the Construction Industry
A few studies have been conducted on the issues of underrepresented minorities in the
construction occupations, most of which concentrated on the Hispanic construction workforce.
Hispanics are the majority of the U.S. construction workforce in several states like New Mexico,
Arizona, and Nevada, comprising 54.2%, 43.2%, and 39.7% of the total construction workforce,
accordingly (United States Census Bureau, 2011). The share of Hispanic workers in the
construction occupations is growing rapidly, especially in the southern and western United States
(Al-Bayati & Abudayyeh, 2016; Dong, Men, & Ringen, 2010). For instance, their share in the
southern United States increased from 11.3% in 1994 to 24.9% in 2001. Likewise, their share in
the western United States increased from 18.1% in 1994 to 26.5% in 2001 (United States Census
Bureau, 2011). The overall share of Hispanic workers in the construction industry was 30.4% in
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2019, which is almost double their share in all occupations, which was equal to 17.6% (BLS,
2019b).
The demographic shift in the U.S. construction workforce has been attributed to the
tremendously increasing share of Hispanic workers, which has happened with an expense to their
safety and health (Goodrum & Dai, 2005). Although Hispanics are not underrepresented in the
construction workforce in terms of their share, the problems they have in the industry have not
improved yet. Several studies have investigated the possible causes of higher rates of injuries and
fatalities among Hispanic workers compared to non-Hispanics. The language barrier is one of the
root causes leading to a higher rate of injuries and fatalities. Hispanic workers reported significant
problems in understanding their health and safety training in English (Ruutenber & Lazo, 2004).
Therefore, it has been suggested to provide safety training in Spanish for Hispanic construction
workers (Chan, Javed, Lyu, Hon, & Wong, 2016). The presence of cultural barriers is another
contributing factor to a higher level of injuries among Hispanic workers. Although cultural barriers
are one of the treatable causes of injuries and fatalities, no regulation or training programs have
been established by the Occupational Safety and Health Administration (OSHA) to manage the
U.S.’s culturally diverse construction workforce (Al-Bayati, Abudayyeh, Fredericks, & Butt,
2017). It should be noted that the impact of cultural differences on the safety of Hispanic workers
is not because of the cultural background of the Hispanic workforce, rather it is due to lack of
understanding of Hispanic culture among non-Hispanic workers and supervisors (Hurley &
Lebbon, 2012). Understanding cultural values, barriers, and differences are key points to manage
the multicultural and diverse construction workforce of the U.S. The proper management of this
cultural diversity in the construction workforce will improve the construction progress, safety,
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quality, and outcome (Ling, Dulaimi, & Chua, 2013; Loosemore, Phua, Teo, Dunn, & Dunn,
2012).
Another cause of high injuries and fatalities among Hispanics has been related to the type
of construction work they do. In other words, the type of construction occupations with high rates
of fatalities is mainly populated by Hispanic workers. The three most common construction
occupations among Hispanics are construction laborer (27%), carpenter (13%), and painter (10%)
(CPWR, 2018), among which the construction laborer occupation is in the top five most hazardous
construction occupations. Therefore, the fact that a high proportion of Hispanic construction
workers are being injured or killed could be attributed to their concentration in hazardous work
areas, as well as a deficiency in receiving training in their native language (Goodrum & Dai, 2005).
Additionally, Hispanic construction workers, on average, have lower levels of education, which
highlights the importance and need to provide more education programs and training for them.
However, there has not been any trade association representing Hispanic construction workers, in
spite of their rapidly-increasing share in the industry (Goodrum, 2004).
In contrast to the numerous studies on Hispanics in the construction occupations, very few
studies have been conducted on African Americans in the construction industry. The very first indepth study on the status of African American male workers in the New York City construction
industry investigated the construction labor market in the 1980s and 1990s, during a time when
the construction was booming. Contrary to the researcher’s expectations, the share of construction
jobs held by African Americans in 1989 decreased during the time of golden construction
opportunities, when compared to 1979. Bates and Howell claimed that the reason that African
Americans did not get their fair share of opening lies behind the fact that most of the construction
firms were hiring through informal mechanisms and networks, hiring “friends and relatives,” and
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isolating African Americans from access to the jobs. Not only did the share of African Americans
decreased during this booming time, but the wage gap between Whites and African Americans
also widened during the same time period, increasing from 17.4% in 1979 to 29.4% in 1989.
Faced with a widening wage gap and fewer opportunities, African Americans shifted to
self-employment options to escape discriminatory hurdles in the labor market. Nevertheless, most
of the Minority Business Enterprises (MBEs) failed during their first few years of operation and
did not survive their start-up years. The reason for this failure was not that non-minority firms
were led by more educated people, or that non-minority firms had more financial capital. The
reason for this failure was not that non-minority firms had the privilege of having immediate access
to jobs to work on, whereas the MBEs had to build their networks to get more contracts gradually
(Bates & Howell, 1997).
Another study analyzed African Americans in the Milwaukee Metropolitan Statistical Area
(MSA) over two decades, from 1980 to 2000. African Americans’ employment in the major
construction occupations, including electricians, carpenters, plumbers, and brick masons exhibited
almost no improvement, whereas employment for Hispanic workers in the same trades showed a
noticeable increase (ETI, 2006).
More recent statistics have indicated that the share of African Americans in construction
occupations was 6.4% in 2019, which is almost half of their share in all occupations, which was
equal to 12.3% (BLS, 2019b). It was also found that African Americans in the construction
industry constitute a lower share than their Hispanic counterparts, and they generally are the least
in number in the construction workforce (Choi, Shrestha, Lim, & Shrestha, 2018). However, the
share of Hispanic construction workers in New York City was 16.5% between 2002 and 2011
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(EPI, 2013). Nevertheless, no study was found to explore the root causes of the poor participation
of African Americans in the AEC professions nor strategies to improve recruiting them.
2.6. Racial and Ethnic Wage Gaps and Causes
The wage disparities between minorities and their white counterparts have been
investigated in very few studies. An analysis of the status of skilled African American construction
workers revealed that the ratio of African Americans’ earnings to Whites decreased from 82.6%
in 1979 to 70.6% in 1989. However, the widened wage gap was not due to skill level, but rather
because of discriminatory actions against African American construction workers during New
York’s booming construction activities in the 1980s (Bates & Howell, 1997). One of the efforts to
provide more equal opportunities for African Americans in the construction industry was the New
York plan back in 1970. The plan attempted to place 800 minority trainees to work on governmentsponsored projects. However, four construction unions, including sheet metal workers, electrical
workers, and plumbers declared that they would not accept trainees. Although the plan was finally
able to put 5,000 minority trainees on jobs, only 800 of them were accepted to union construction
trades. This ineffective plan explains that the construction industry is resilient to nondiscriminatory practices (Bates & Howell, 1997). Another study on the wage distribution in the
construction and extraction occupations stated that there is a wage gap between African American
and White workers, but it is lower than the wage gap between Hispanics and Whites (Choi et al.,
2018). Unfortunately, no more recent case studies investigating African Americans in the AEC
industry has been conducted.
A few studies have analyzed the wage gaps between Hispanics and non-Hispanics in the
construction occupations. Some of the explanations for this wage disparity are that Hispanics have
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a deficiency in English, have lower skill levels and few years of schooling, and work in entry-level
construction occupations (Goodrum, 2004). Nevertheless, while controlling for occupation
(laborers and carpenters), years of experience, educational attainment, and geographical location
(the southern and western United States), Hispanic workers still earned less than their nonHispanic counterparts. Surprisingly, English proficiency did not significantly impact the hourly
wage of Hispanic construction laborers and carpenters, with the exception of Hispanic carpenters
in the western United States, who were paid a lower hourly wage. In another study, it was found
that although the wage gap in the median weekly earnings between Hispanics and White nonHispanics did not change from 2007 to 2015, Hispanics still earned the least amount in the
construction and extraction occupations compared to whites and African Americans (Choi et al.,
2018). If Hispanics continue getting paid lower because of their ethnicity, while their share in the
construction workforce keeps increasing, the overall real wages in construction will become
adversely impacted. This continued decline in real income because of ethnicity may adversely
affect both the recruitment and retention of not only Hispanic workers but also all minority workers
in the construction industry (Goodrum, 2004). To address the Hispanic construction workers’
health and safety, and to close the wage gap, it has been suggested to establish a Hispanic
construction trade organization that can provide training and education, as well as encourage better
wages (Goodrum, 2004).
2.7.

Women and Underrepresented Minorities in Construction and Civil Engineering
Education-High School
Schools are the primary source of social institutions shaping gender-appropriate behaviors,

interests, and feelings of inclusion, regardless of a student’s race, ethnicity, and gender. Moreover,
diversity and inclusion are essential in engineering education because the lack of gender diversity
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in engineering reduces creativity and will negatively affect all students (Smith, Parr, Woods,
Bauer, & Abraham, 2010). However, studies have indicated that the perception of the construction
industry among students is not at all satisfying. Moore and Gloeckner (2007) interviewed a group
of 24 female construction management (CM) high school students, and they found that the high
school educational climate was the most negatively influential factor, with only one out of these
24 students enrolling in a CM program immediately after high school.
Other major factors discouraging students from opting for construction and civil
engineering (CCE) programs and occupations have been studied in numerous research studies.
Both male and female high school students have reported salary, promotion opportunities, working
conditions, and long-term learning as the most important factors impacting their career decisions
for the construction industry (Chileshe & Haupt, 2010). More specifically, female students’
perceptions of the construction industry (i.e., dirty, physically demanding, manly, and sexist) and
lack of understanding about the construction industry and job opportunities, as well as culture and
stereotypes are the most frequent reasons given that prevent female students from enrolling in
construction management programs. Moreover, school-age girls indicated their reservations about
construction careers that dealt with the social working conditions in the male-dominated
environment and the physically demanding nature of construction jobs (Chileshe & Haupt, 2010).
Family roles in influencing female and male students to pursue a career or academic major
have also been investigated through some studies. Based on the results of one study on high school
junior and senior students in Houston, it was found that only 29% of the students’ families
responded “yes” to agree with their children pursuing a career in the construction industry (Bilbo
et al., 2009). However, students with a close family member in the construction industry were
more willing to pursue similar goals (Shields & Kisi, 2011). The high school students chose the
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construction career independent of their belief that employment is easily obtained in the
construction sector (Kisi et al. 2011). Moreover, “family disapproval” was one of the main factors
discouraging Hispanic 11th-grade high school students from pursuing a construction career.
Besides, low wages and dangerous and dirty working conditions were other barriers discouraging
Hispanic students (Escamilla et al., 2016).
Factors positively influencing high school students towards a CM program are not very
different between female and male students. However, some factors are more powerful in
attracting female students including internships, field trips to job sites, having a father in the
industry, community services, and a father taking daughter to work, which might be a “silver
bullet” in attracting females to the construction industry. On the contrary to the aforementioned
influential factors, advertising, high school counselors, mentoring programs, female role models,
having a mother in the industry, and a mother taking a student to work are less effective in
influencing students of both genders (Lopez et al., 2011). Therefore, the role of the family in
influencing children, especially females and underrepresented minorities, is undeniable.
Besides the negative perception of high school students toward the construction industry,
many studies have criticized the ineffectiveness of high school counselors and teachers. High
school counselors have the lowest influence on the career choices of students in construction
programs, and teachers deem the construction industry as a career more compatible for people with
low education levels, which further discourages students from pursuing college degrees or careers
in this industry (Koch, 2007). Although high school counselors and teachers are ineffective on the
career choices of students in construction, female students are more influenced by them, yet
insignificantly (Chileshe & Haupt, 2010). Francis and Prosser (2012) investigated the role of high
school counselors in attracting students to construction professions and found that most counselors
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did not have knowledge of the construction industry, and more importantly they exhibited a gender
bias by directing more male students to construction occupations than female students.
Surprisingly, students who transferred into a CM program indicated that they did not previously
know there was a CM program, which further proves the poor performance of high school
counselors (Oo et al., 2018). In addition, lack of knowledge among high school teachers and
counselors related to construction careers was also a contributing factor preventing Hispanic
students from getting accurate information about the construction industry and related
opportunities (Escamilla et al., 2016).
2.8.

Women and Underrepresented Minorities in Construction and Civil Engineering
Education – College Graduate/Undergraduate Students
Exposure to Construction and Civil Engineering (CCE) is an essential component to recruit

and retain students into CCE programs. Universities can lead this exposure by providing oncampus activities and events like an engineering or construction career day, a high school science
fair on campus, and/or open-house activities on campus. Exposing female students to CM
programs early, providing sufficient career counseling, encouraging female students to take more
science courses, and providing a gender-inclusive learning environment can all help to attract and
retain female students in construction practices (Adogbo et al., 2015). The College of Engineering
at Purdue and the University of Texas at Austin have strong programs to attract female engineering
students, which allow high school students to explore educational and career opportunities. High
school students benefit from meeting with industry professionals to discuss their options (Menches
& Abraham, 2007).
Interestingly, Ohland et al. (2015) have found that the retention of students in civil
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engineering (CE) varies by race and not by gender. Although Asian and Hispanic male students
choose CE less frequently than other races, they exhibit higher graduation rates. Conversely, Black
students of both genders are under-represented in both choosing CE and finishing the degree. In
addition, Asian, Hispanic, and White CE students who leave a CE major will get replaced by
students transferring to a CE program, but this is not true among Black students. Nevertheless, the
high retention rate of CE programs does not mean the success of any sub-population of students.
Besides, career outcome expectations are significantly different between female and male
civil engineering students (Shealy et al., 2016). Female students are more concerned with
addressing societal issues and are more likely to consider helping people as a career outcome
incentive (Bielefeldt, 2014). Therefore, promoting and making a clear connection between civil
engineering and how it can address societal issues such as water supply, environmental
degradation, poverty, and disease could empower the interest of female students to consider civil
engineering as a future career (Shealy et al., 2016). This strategy was utilized in the Department
of Civil and Environmental Engineering at Rowan University. Revisions in the curriculum of the
program by assigning case studies and movies related to social issues and learning about ancient
societies and how they used engineering effectively have improved diversity and inclusion in the
department (Hartman et al., 2019).
Moreover, those students who are already in CCE majors have reported the positive factors
influencing them. The most influential factors for choosing a major in CCE among freshman
students were the people around the students, university-related attributes (such as financial
opportunities and reputation), and image of the construction industry in the country of the students’
residence. In contrast, student attitude, personal interest in the major, and high school performance
were the least influential factors (Durdyev & Ihtiyar, 2019). Although fewer female students enroll
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in undergraduate construction management programs, they exhibit a statistically higher motivation
level than male students. In addition, these female students are highly confident in their educational
abilities and are determined to finish their programs successfully (Escamilla et al., 2016).
There are many ways to increase the numbers of students, especially WUMs, that choose
CCE majors. Conducting summer camp programs to attract potential high school students to
construction management programs and careers, similar to the efforts of several university
programs like Auburn University and the University of Florida, can be implemented (Elliott et al.,
2016). Another strategy to increase the enrollment and retention of female students in civil
engineering and construction programs is recruiting more female faculty members. The idea
behind this strategy is that female faculty members can be role models for female students and
positively affect their perceptions (Asadi, Akhavian, & Behzadan, 2016).
As discussed, most of the efforts to recruit female and other students to construction
programs have happened at the college level. However, the sooner actions are taken to attract
students, the more satisfying the results will be. Interestingly, women who became interested in
construction during childhood, high school, and college were more satisfied with the construction
industry, compared to women initiating interest post-college (Morello et al., 2018). The
Architecture, Construction, Engineering (ACE) mentor program is one of the main and most
efficient non-profit organizations helping and guiding high school students to pursue careers in
construction, offering internship opportunities, and encouraging higher education. In 2018, the
ACE mentor program hosted 9,663 students in 36 states, including 61% minority and underserved
students and 34% females. The ACE mentor program pays specific attention to reflect diversity
by recruiting women and minority mentors as role models. The results of this program are very
satisfying, indicating that almost 75% of ACE seniors entered college in construction-related
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majors or skilled craft programs. This program has also been very rewarding in increasing
diversity. The annual report of the ACE mentor program shows that the percentages of Hispanic
and African-American students entering college in architecture and civil engineering are more than
double the national rates in comparable fields (ACE Mentor Program, 2018).
2.9. Construction Industry During the Great Recession
The labor shortage is not the only major issue the construction industry is dealing with.
The construction industry is a cyclical one undergoing periods of economic prosperity and
downturn. Besides that, the impact of the Great Recession on construction firms has added more
challenges and complexities to this vulnerable industry (Hadi, 2011). The decrease in the need for
construction services is anticipated during the economic recession, leading to job loss and
economic drain. Economists refer to the Great Recession as a period between 2008 and 2009 when
there was a significant economic decline in the United States (National Bureau of Economic
Research, 2016). There was a loss of 170,000 small businesses (G. S. Thomas, 2012) during the
Recession, including the loss of 16.6% of construction firms (Peiffer, 2015).
The Great Recession of 2008 is defined as the period of the economic downturn during the
late 2000s and early 2010s (NBER, 2019). Nonetheless, according to BLS statistical analysis, the
construction industry got the highest economic hit from the Recession in 2011 (Hadi, 2011).
Employment in the construction decreased by 19.8%, equal to losing almost 1.5 million workers
during that time, whereas it was equal to 14.3% during the recession between November 1973 and
March 1975 (Hadi, 2011). The majority of construction employment losses happened during the
last 9 months of the Recession. Job losses averaged 49,000 monthly in December 2007 and
September 2008 and then escalated to an average of 115,000 monthly in June 2009. Although the
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slowdown in construction work was temporarily in favor of the labor shortage problem, a craft
shortage commenced again during the post-recession period, especially in some fields including
welders, pipefitters, and electricians, which also had the highest wage growth. As a result, the
skilled labor shortage results in increasing labors’ hourly wages and the overall cost of the project
(CII, 2015).
Three most common types of strategies are implemented by contractors during a recession
(Tansey et al., 2013; Sahin, Song, & Hobijn, 2010). The first strategy is differentiation, which is
investing more in research and development to come up with a unique product to surpass
competitors during times of high competition. The second strategy is cost leadership, dealing with
reducing costs through laying-offs, decreasing salaries, and reducing budgets. Lastly are focus
strategies, which are concentrating resources on particular industry segments (Tansey et al., 2013).
Some of the focus strategies implemented by the AEC industry in response to the economic
Recession include the following:
-

Bidding on more projects within the company’s expertise (Lim, Oo, & Ling, 2010);

-

Improving safety records and utilizing new means and methods to enhance productivity
(Wong & Logcher, 1986);

-

Diversifying the company by exploring new potential markets and expanding relationships
with clients (Danforth, Weidman, & Farnsworth, 2017; Nafday, 2011) (This strategy could
also be deemed as differentiation);

-

Enhancing internal market awareness to be able to predict future economic conditions
(Chinowsky & Meredith, 2000).
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Although differentiation strategies are the most beneficial in helping a company to survive
through the economic turbulence, cost leadership strategies are the ones mainly used (Tansey et
al., 2013). During the Recession, there was a decrease in profit margins and companies’ revenues
to cover project costs and overhead. Therefore, during the Recession, most employees faced a
decrease in their salaries, bonus eliminations, and longer working hours to compensate for the lost
working hours of their laid-off co-workers (Danforth et al., 2017). The construction industry also
went through a recovery period but with a big dilemma, a skilled workforce shortage. Laid-off
employees were reluctant to return to the same industry because of trust issues although there was
an increase in the number of available open positions. Therefore, construction firms had to
compensate for this shortage by hiring unqualified and untrained employees to meet their demands,
resulting in low-quality final products. It should be considered that although the size growth of a
firm with unqualified workers will result in some short-term benefits, it will eventually bring on
downsizing in a later economic recession because of insufficient production growth (Danforth et
al., 2017; Nafday, 2011).
Several invaluable considerations are suggested by construction industry experts in the face
of economic recession. They believe that the longer the time of market expansion, the more vital
it is to prepare for the next economic downturn. Besides, construction firms should pay significant
attention to organizational behavior by building loyalty and morale during a recession. They
should wisely implement reducing cost strategies, such as reducing salaries and layoffs.
Employees who were laid-off during the recession may leave the industry or join competing firms.
Therefore, companies trying to re-staff during the recovery period might face not only manpower
shortages but more importantly significant training costs and lower quality employees. During an
economic downturn, companies can utilize their staff to explore other possible markets and areas
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of work they have not performed before to build on their competitive advantages to surpass other
firms during the recovery time (Danforth et al., 2017).
In conclusion, all construction and engineering firms encounter economic downturns
during their operational time. However, they need to evaluate their potential strengths and
weaknesses, as well as understand external conditions in order to opt for the right strategies
matching their capabilities and resources to survive the economic downturn and provide their
prosperity during the recovery time (Nafday, 2011).
2.10. Geography of The Gender Wage Gap
Only a few studies have been conducted on the spatial distribution of wage gaps. Smith
and Glauber (2013) analyzed the spatial gap in income between metropolitan and non-metropolitan
women, and its correlation with different factors such as education, occupation, and industry.
While controlling for marriage, race/ethnicity, education, age, and work hours, metropolitan
women earn 17% more hourly than non-metropolitan women. Surprisingly, the aforementioned
wage gap was higher for more educated women. Smith and Glauber argued that fewer higherpaying jobs are available to non-metro women with college degrees, and this explains the wage
disparity. They have also found that the wages of non-metro women were more likely to get hit
during the Great Recession, resulting in a widening wage gap between metro and non-metro
women.
Few statistics are available on the geography of the gender wage gap. In a study conducted
on the top one hundred metro areas, it was found out that the gender wage gap among high-earning
employees is much higher than the low-earning group, and it also varies by geographic location.
The gender wage gap in the western metro areas is lower than anywhere else in the U.S., and more
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specifically among top earners (Goodwin-White, 2018). California had the lowest gender pay gap
(wage gap equal to 12.2% in 2018), and Louisiana had the highest gender pay gap (wage gap equal
to 31.1% in 2018) in 2018 (AAUW, 2018). California is among the states with strong equal pay
protections, whereas Louisiana is a state with weak equal pay protections. It should also be noted
that although Mississippi and Alabama are the only states with no equal pay laws, they are not the
states with the highest gender wage gaps. Additionally, there are states with strong equal pay laws
that are not among the top states with the lowest gender wage gaps. For instance, although the
Washington state has strong equal pay protection, it was ranked 32nd with a 21% gender wage gap.
Therefore, there are many factors impacting the magnitude of the gender wage gap in addition to
equal pay laws such as (AAUW, 2018):
1. Primary industries in the state and job opportunities they provide;
2. Cultural differences regarding beliefs about gender and work;
3. Discrimination laws and policies of each state;
4. Ethnicity and racial composition of the sates, as well as educational attainment and age.
2.11. Summary of the Literature Review
A great deal of the literature recognizes the tremendous growth of the construction industry
and the increase in the number of construction jobs. The literature also draws attention to the labor
cliff issue in the construction industry and highlights that this issue is getting worse. The studies
through construction projects case studies reveal that the labor shortage impacts project
performance in terms of cost and schedule overrun.
Some scholars and industry experts suggest utilizing underrepresented groups including
women and underrepresented minorities. Nevertheless, literature shows that women’s
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participation in the construction industry has not improved considerably over time. Some studies
explain the poor participation of women in the construction occupations by the major barriers
women undergo. Some literature studied the issues of underrepresented minorities in the
construction industry. A review of the literature confirmed that Hispanics comprise a big share of
the construction workforce and their share is also rapidly growing, but numerous studies reported
their issues, including a higher rate of injuries and fatalities among Hispanic construction workers
mainly due to the English language barrier and lack of training. Very few studies investigated the
wage gap between Hispanics and their white counterparts. Additionally, very few pieces of
literature on the status of African Americans in the construction workforce indicated they have
been the lowest in their share of the construction workforce and faced isolation in getting hired,
even during the golden construction time in their geographic location.
Numerous studies also shed light on the efforts taken to improve the retention of students
in construction management and civil engineering programs. It can be noted that most of the efforts
were intended to enhance female students’ retention, and more efforts and studies are required for
underrepresented minorities since they can also be a viable future workforce to meet the demand
of the construction industry. The literature also identifies the most influential factors in attracting
students to construction programs. Where the literature falls short is determining whether previous
efforts for education levels to increase WUMs’ share in the construction industry have increased
their share or not. Also missing is a study of how different gender and racial and ethnic wage gaps
are, controlling for education and at different education levels.
The literature also highlighted the impact of the economic downturn on the construction
industry making it cyclical and less appealing to workers. What the literature is short on, however,
is how different underrepresented minorities, as well as women and men, were affected during the
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economic downturn. The literature needs a study that examines the impact of the Great Recession
in terms of job loss and wage reduction for the underrepresented group to find out if the workforce
was impacted equally. The construction industry will go through future economic downturns, and
it is vital to learn the lessons from past economic challenges. There is an essential need to better
understand how WUM’s wages are impacted during an economic downturn in general, and also at
different education levels.
The literature on the geography of the gender and underrepresented wage differences is not
much in general, and specifically, is short for the construction and civil engineering occupations.
Some statistics are available on the best and worst states in terms of the gender wage gap. However,
what is missing is a spatial distribution of the wage gaps for engineering and construction
occupations. Considering the labor shortage problem in the construction industry, some states
might have higher gender wage disparities, which might provoke the underrepresented groups to
migrate to other states seeking higher pay that is closer to the income of the dominant group
(males). Therefore, there is a need to study wage disparities across states. Such an analysis can
help policymakers and industry experts to understand the labor status in their states, not only to
prevent losing the available workforce but also to try to narrow the wage gaps in their states.
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Chapter 3.
3.1.

Research Methodology

Introduction
The primary purpose of this research is to temporally investigate, analyze, and understand

the gender and racial/ethnic wage gaps and wage differences within the Architectural, Engineering,
and Construction (AEC) workforce in general, as well as controlling for the education level of the
workforce before, during, and after the recession. Moreover, the research aims to study the
geographical distribution of the gender wage gaps in the AEC occupations across the states and
study the spatiality of the gender wage gaps implementing advanced spatial data analysis methods.
The chapter organizes the research methodology into the following sections: research methodology
flow, problem identification and literature review, data identification and data source, data
collection, and research design and data analysis.
3.2. Research Methodology Flow
In planning and conducting this research, traditional steps were followed. Figure 1
summarizes the overall research methodology flow. First, the researcher identified the problem
and gap in the knowledge by conducting an extensive literature review. This procedure is further
elaborated under section 3.3. Second, the study developed data source identification to answer the
research questions. After that, data collection and data cleaning were conducted for temporal
analysis, education level analysis, and spatial analysis. The researcher continuously changed the
scope of the data using different geographical locations and variables to come up with the final
data set during the data cleaning process. The next step was conducting the analyses for the purpose
of the study. Such analysis investigated: 1) temporal analysis of the AEC workforce in terms of
the shares, employment, and wage gaps, and differences based on gender and race/ethnicity; and
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2) education level analysis including the average income with higher education for all race/ethnic
and gender groups, as well as the gender and racial/ethnic wage gaps and differences while
controlling for educational attainments and the temporal changes of such wage disparities; 3) the
geographical distribution of the gender wage gap across states to find the statistically significant
locations. Finally, the output of the dissertation will be published through journal papers.

Figure 1. Research Methodology Flowchart
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3.3.

Problem Identification and Literature Review
The first step in executing the research was identifying the problems and gaps in the

literature. The related literature review was grouped into seven sub-topics in Chapter 2, including
an overview of the labor shortage in the construction industry, issues of women in the construction
industry, gender wage differences and causes, issues of underrepresented minorities in the
construction industry, WUMs’ wage gaps and causes, WUMs in construction and civil engineering
education at high school and college, construction industry during the great recession, and
geography of wage gaps. The literature review revealed the gap in knowledge and the need to
study the status of WUMs in the AEC workforce in terms of wage gaps and their shares, in addition
to the impact of the economic recession on WUMs. The researcher divided the gap in the
knowledge into different groups including 1) the temporal changes of gender and racial/ethnic
distribution, as well as gender and racial/ethnic wage gaps and differences; 2) educational
attainment of the AEC workforce based on gender and race/ethnicity, and gender and racial/ethnic
wage gaps and differences, while controlling for education; and 3) the geographical analysis of the
gender wage gap across states.
3.4. Data Identification and Data Source
After problem identification and proposing the research question, the researcher had to
identify a reliable data source for answering the research questions. The researcher found the
American Community Survey (ACS) as a data source providing the type and range of data required
for the analysis for several reasons. First, the ACS is the largest household survey in the United
States, consisting of over 3 million housing units per year (U.S. Census Bureau, 2020). Since this
study focuses on WUMs who are underrepresented in the AEC occupations, the sample size is of
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great importance, and the ACS can provide a sufficient sample size for the purpose of this study.
Second, responding to the ACS sample is mandatory, making it a very reliable database to obtain
information about all gender and racial/ethnic groups. Third, the ACS provides a representative
sample of racial/ethnic groups at the national level, and a representative sample of gender groups
at both the national and state level through very complex sample selection and data collection.
This is further elaborated under “The ACS Sample Selection and Data Collection” section. The
following section explains more about the characteristics of the data and how the ACS data was
collected.
Another available data source was the Current Population Survey (CPS), consisting of
72,000 housing units, which is considerably smaller than the ACS sample size. In addition, the
CPS is a voluntary survey on the contrary to the ACS. Finally, the CPS is only nationally
representative and does not represent the gender groups at the state level. Therefore, based on these
three reasons, the researcher found the ACS data source appropriate for the purpose of this study.
Data Characteristics
The researcher obtained the data for the purpose of this study from the ACS. This section
provides a comprehensive review of data characteristics.
The ACS Sample Selection and Data Collection
The ACS consists of two samples including housing units (HU) and residents of group
quarters (GQ). ACS collects data using the Master Address File (MAF) which is the official Census
inventory of all known HUs and GQs. Therefore, sampling selection is conducted using MAF
(U.S. Census Bureau, 2014).
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Housing unit sample selection includes two phases. There are two stages for the first phase;
the first stage of sample selection consists of systematically assigning new addresses to the
subframes. The second stage is collecting data using the Internet, mail, telephone, personal visit,
computer-assisted telephone interviewing (CATI), and computer-assisted personal interviewing
(CAPI), depending on the situation. During the second phase, the first step includes a mailed
request to fill out the survey via the Internet. If no response is received, the second step is
completing a paper questionnaire and mailing it back. If no response is received using previous
methods, CATI and then CAPI is used.
Group quarter facilities include places such as college dorms, group homes, correctional
facilities, and residential treatment centers. Based on the size of the group quarters, different
methods are utilized for data collection, such as interviewing all people in the selected group
quarter facility or using the CAPI automated instrument.
The ACS Response Rate and Coverage Rate
The Census Bureau’s Internal Disclosure Review Board sets the confidentiality rules for
all data releases strictly in order to maximize the response rate for the ACS survey. Table 2 exhibits
the housing unit response rates in the sample years of this study (U.S. Census Bureau, 2018a).

Table 2. ACS Housing Unit Response Rate
Year
Housing Unit Response Rate
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2007 2011
97.7 97.6

2015
95.8

In addition to the response rate, it is vital to assure the sample covers all gender and race
groups to provide reliable results. The ACS has considered coverage rate, which is defined as “the
ratio of the ACS population or housing estimate of an area or group to the independent population
estimate for that area or group, times 100” (U.S. Census Bureau, 2018b). Coverage rates are
calculated by gender at both the national and state levels. However, they are measured just at the
national level for racial/ethnic groups, making the ACS data unsuitable to conduct racial analysis
by states(US Census Bureau, 2018). Table 3 portrays the coverage rates for the total population by
race for the sample years (U.S. Census Bureau, 2018b).

Table 3. Coverage Rates for Total Population by Race/Ethnicity and Gender (in percent)

WNH
AA
HISP
Female
Male

3.5.

2007
95.4
89.1
92.8
95.2
93.2

2011
95.4
89.6
90.0
92.9
94.4

2015
95.1
85.9
88.4
91.5
93.2

Data Collection and Data Cleaning
Data for all sample years were extracted through a 1-year American Community Survey

(ACS) database, which is a 1% national random sample of the population equal to around 3.5
million households per year, randomly selected. The data collection for ACS was conducted
through the Integrated Public Use Microdata Series (IPUMS) database (Ruggles et al., 2020). The
IPUMS database provides easy and user-friendly access to ACS data from 2000 onward. The main
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benefit of using the IPUMS USA database is the availability of the same variables over time, which
allows for meaningful comparisons across years.
3.5.1. Sample Years of The Study
This analysis is designed to study how the Great Recession affected the AEC workforce,
measured by gender and racial/ethnic distribution, workforce average income, and wage gaps
among the AEC workers based on their race/ethnicity and gender. As discussed earlier in the
literature review section, the construction industry got the hardest hit during the Great Recession
in 2010 and 2011 (Hadi, 2011). As a result, the year 2011 was selected for studying the impact of
the Great Recession on WUMs. The researcher started on data collection in October 2017 and at
that time, the latest available data was 2015. Therefore, the year 2015 was chosen as the most
recent sample year, which also fulfilled the purpose of studying the workforce during the recovery
time after the Great Recession. The following three discrete periods were used to describe the
temporally and spatially varying wage gaps by gender and race/ethnicity.
•

2007 (before the Great Recession)

•

2011 (through of the Great Recession)

•

2015 (recovery period)

3.5.2. Variables of The Study
Geographic Units of The Study
After choosing the sample years for the purpose of the study, the next step is determining
the geographic locations for analyzing the wage gaps and differences, both temporally and
spatially. For the temporal analysis, the researcher aimed to provide a holistic picture of the wage
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gap by gender and race/ethnicity not only in the AEC occupations but also how the wage gaps are
in non-AEC occupations. Due to the limitations for data extraction of non-AEC occupations from
the IPUMS data source, the researcher had to reduce the sample size by limiting the geographic
units to obtain the data for non-AEC occupations. Several considerations were taken into account
for selecting the geographic units with respect to opinions of experts in the social science field.
Therefore, the following steps were taken:
1. Selecting the top 100 Metropolitan Statistical Areas (MSAs) based on their population.
2. Selecting MSAs from 100 densely populated MSAs with location quotient values for
the construction and engineering industry (LQconst) greater than 1.0, indicating their
share of the construction and engineering labor force out of the total nonfarm labor
force is greater than the national average. The justification for this screening is to
consider the MSAs that have more impact and reliance on the construction and
engineering industry that the average of the United States. At this step, 49 MSAs were
selected. It should be mentioned that considering LQconst has been a common practice
among scholars in the field of regional science and economic development (Billings &
Johnson, 2012; Crawley, Beynon, & Munday, 2013; Flegg, Webber, & Elliott, 1995;
Isserman, 1977; M. M. Miller, Gibson, & Wright, 1991; Nolan, Morrison, Kumar,
Galloway, & Cordes, 2011; Norcliffe, 1983).
3. Adding 11 more MSAs that are densely populated but have LQconst less than 1.0 in order
to consider the major MSAs that are densely populated in the sample. Therefore, the
sample for temporal analysis is limited to 60 Metropolitan Statistical Areas (MSAs),
which includes almost 63% of the total population of the United State. The list of the
MSAs is included in Appendix I.
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It should be noted that while conducting analysis on the individual MSAs to study gender
and racial/ethnic wage gaps within each and every MSA is not feasible because of a small sample
size of the AEC occupations at each MSA, the aggregation of the selected 60 MSAs provides a
large enough sample size. Based upon the researcher’s review of the discussions on the IPUMS’s
User Forum and discussions (IPUMS, 2020) and discussion with IPUMS’ researchers, there is no
concern in the accuracy of calculating representative statistics of the AEC occupations as long as
sufficient sample size is available.
Although including the mentioned 60 MSAs for the temporal analysis is an accurate
selection for analyzing the wage gaps temporally, it falls short in portraying the comprehensive
geographical distribution of the gender wage gap. Therefore, the researcher decided to do the
spatial analysis at the state level instead of the MSA level. A spatial unit of observation for the
wage gap is a state in the United States. For the analysis of spatial distribution patterns, the number
of spatial samples is 49, including the 48 continental states and Washington D.C. (Alaska and
Hawaii are not considered in this study). For the education level analysis, the researcher included
all 50 states. The reason for including all the states for the education level analysis was the
insufficient sample size in the 60 MSAs for the gender and race/ethnic groups in different
education levels.
Underrepresented Minority and Gender Groups
Underrepresented minorities are categorized into three groups using IPUMS variables. If
the respondent is White without any Hispanic origin, they are defined as White non-Hispanic
(WNH). If the respondent has a Hispanic origin (Mexican, Puerto Rican, Cuban, or another
Hispanic origin), the group is defined as Hispanic (HISP) regardless of also being White. Black,
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African American, or Negro is categorized as African American (AA). Other race groups (OTH)
like Asians, American Indians or Alaska Native, any other races/ethnicities, and those reporting
more than one race are not included in this study as discussed in the “research scope and limitation”
section in the first chapter. Gender categories are male and female. It should be noted that, while
the underrepresented minority categories for this study are limited to WNH, HISP, and AA, the
race/ethnicity of gender groups is not limited to merely WNH, HISP, and AA. Therefore, women
and men in this study can be of any race and ethnicity. The main reason for expanding the race
and ethnic groups for gender analysis was providing a large enough sample size of women in the
AEC workforce, considering women’s underrepresentation in AEC occupations. The
questionnaire text asking gender and race/ethnicity is provided in Appendix II.
Age
The minimum age of the individuals to be considered in this study was set sixteen years
old. The questionnaire text asking the respondent’s age is provided in Appendix II.
Education
The education level analysis for the study requires information regarding the educational
attainment of the individuals. The ACS asked the respondents the highest degree or level of
schooling the respondent has completed. The questionnaire text asking the respondent’s
educational attainment is also provided in Appendix II.
Occupations
American Community Survey (ACS) Occupation Codes are used for occupations in the
AEC industry for 2007, 2011, and 2015. Occupations in Architecture and Engineering are referred
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to as A&E occupations, including nine job types. Occupations in construction include 27 job types.
Due to the higher pay range of A&E occupations than construction, the analyses were performed
separately for A&E and construction occupations. The variable Occupations reflect the primary
occupation of the person. The list of occupations is included in Appendix III. The questionnaire
text asking the respondent’s occupation is also provided in Appendix II.
Wage and Salary Income
Pre-tax Wage and Salary Income is the salary of the survey respondents. In addition, during
data cleaning, the minimum wage threshold was defined, since there is a distinct possibility that
WUM workers could fall below the conventionally defined minimum hourly wage. Therefore, the
researcher considered a 10% tolerance. This means that individuals earning even 10% of the
federal minimum wage, who are at least 16 years old and worked at least 35 hours/week and 40
weeks/year, were included in the sample. The annual wage threshold is calculated as the following:
-

For 2007,
35 hours/week * 40 weeks/year * $6.15/ hour (min. hourly wage) * 10% = $861.00

-

Eq. 1

For 2011 & 2015,
35 hours/week * 40 weeks/year * $8.25/ hour (min. hourly wage) * 10% = $1,155.00

Eq. 2

To enable a comparison of temporal analysis of the wage gap in real terms, the average
incomes for the sample years 2011 and 2015 have been adjusted and expressed in 2007 U.S. dollar
terms. The national average of the Consumer Price Indexes (CPI) for 2011 and 2015, relative to
2007, are 1.08 and 1.15, respectively (BLS, 2017a).
After including all the variables and the wage threshold, the sample size in the AEC in 60
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MSAs was 33,492 in 2011, 26,150 in 2011, and 30,682 in 2015.
Person Weight
Person Weight is a value indicating how many individuals are represented by a given
person in a sample, and have to be considered to obtain nationally representative statistics when
conducting studies on person-level analyses. Without accounting for sampling weights, some
samples will be over-represented, while some might be underrepresented impeding calculating
average statistics of some characteristics of the main population (Ruggles et al., 2020). Therefore,
the person weight was considered in calculating the average income of race/ethnic groups to obtain
a weighted average income for WUMs as well as WNHs and males. In other words, the weighted
average was calculated relative to the weight (person weight) of each observation which is a
different value for each respondent and is calculated by IPUMS database (Ruggles et al., 2020)
3.6. Research Design and Data Analysis
This section elaborates on the design of the research and detailed data analysis for each
part of the study. First, the research design is explained. After that, the methodology for temporal
analysis, education level analysis, and spatial analysis are discussed.
3.6.1. Research Design
Descriptive, inferential, and Exploratory Spatial Data Analysis (ESDA) techniques were
used in this study. A descriptive research methodology was used because it systematically and
precisely describes the characteristics of the researcher’s area of interest. In this study, the
researcher’s areas of interest in the temporal analysis include the share of the AEC workforce; the
job growth of the racial/ethnic and gender groups in the AEC workforce; and the gender and
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racial/ethnic wage gap in the AEC workforce, with and without controlling for education level,
using their calculated average income. Descriptive statistics were used to answer the following
research questions:
1- Has there been any improvement in the gender and racial/ethnic diversity of the AEC
workforce during the sample years of the study?
2- Did the gender and racial/ethnic wage gaps decline in the AEC industry?
a. Has the gender and racial/ethnic wage gaps declined recently? (without controlling
for education).
3- Is there gender and racial/ethnic wage gaps among the AEC workforce with the same
educational attainment?
a. If there is such a gap, how has it changed through the sample years?
An independent t-test, as an advanced inferential statistics method, was used to examine if
the difference between the average income of compared groups was significant or not. An
independent t-test is a powerful parametric test performing very well with continuous data (here
average income) and a sufficient sample size. The independent t-test was implemented to answer
the following research questions?
1- Is there a significant difference between the average income of WUMs as compared to
Whites and males?
2- Is there a significant difference in the average income of the AEC workers by gender and
race/ethnicity with the same educational attainment?
3- Does a higher education level bring a different income for all gender and race/ethnic groups
in the AEC workforce?
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Finally, the ESDA technique was used for geographical analysis. ESDA is a collection of
methods used to visualize spatial distributions and distinguish geographical characteristics of data,
mainly focusing on spatial autocorrelation and heterogeneity. In other words, ESDA is a technique
to detect the spatial properties and geography of the data. The ESDA techniques are well-known
methods in regional science research used to study the spatially varying patterns of the variables
of interest (Anselin, Sridharan, & Gholston, 2007). ESDA was used to answer the following
research questions:
1- Is the gender wage gap different across states in the AEC occupations?
2- Is there a global and local spatial autocorrelation of the gender wage gap in the AEC
occupations in the U.S.?
3- What are the similar attributes of states with a lower (higher) gender wage gap than the
national average in AEC occupations?
3.6.2. Temporal Analysis
WUM’s Share
The share of WUMs across sample years and how it changed is another variable to
investigate the employment distribution in A&E, construction, and non-AEC occupations. To do
this, the total count of observation is utilized to calculate the total number of employments in
different occupation categories regardless of gender and race/ethnicity, women, men, HISPs,
WNHS, and AAs for all sample years. It should be noted that “count” is a count of the observations
of each group from the ACS sample is not adjusted by weight. The share of WUMs across sample
years (2007, 2011 and 2015) for A&E, construction, and non-AEC is calculated as:
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Share (%)

Formula

Women Share

∑60
𝑖=1 𝐶𝑜𝑢𝑛𝑡 (𝑊𝑜𝑚𝑒𝑛)
× 100
∑60
𝑖=1 𝐶𝑜𝑢𝑛𝑡 (𝑊𝑜𝑚𝑒𝑛 𝑎𝑛𝑑 𝑀𝑒𝑛)

Eq. 3

WNHs Share

∑60
𝑖=1 𝐶𝑜𝑢𝑛𝑡 (𝑊𝑁𝐻)
× 100
60
∑𝑖=1 𝐶𝑜𝑢𝑛𝑡 (𝐴𝑙𝑙 𝑅𝑎𝑐𝑒𝑠)

Eq. 4

HISPs Share

∑60
𝑖=1 𝐶𝑜𝑢𝑛𝑡 (𝐻𝐼𝑆𝑃𝑠)
× 100
60
∑𝑖=1 𝐶𝑜𝑢𝑛𝑡 (𝐴𝑙𝑙 𝑅𝑎𝑐𝑒𝑠)

Eq. 5

AAs Share

∑60
𝑖=1 𝐶𝑜𝑢𝑛𝑡 (𝐴𝐴𝑠)
× 100
60
∑𝑖=1 𝐶𝑜𝑢𝑛𝑡 (𝐴𝑙𝑙 𝑅𝑎𝑐𝑒𝑠)

Eq. 6

The sample size of the racial/ethnic groups in different occupations is exhibited in Table 4.
Likewise, the sample size in occupation groups by gender is summarized in Table 5.

Table 4. Sample Size in Different Occupation Groups based on Race/Ethnicity
All Occupations Employee
2007
2011
2015
A&E Employee
2007
2011
2015
Construction Employee
2007
2011
2015
Non-AEC Employee
2007
2011
2015

HISP
79574
95626
113216
HISP
692
618
746
HISP
9477
6891
9036
HISP
69405
88117
103434
52

AA
51985
61130
66603
AA
358
342
380
AA
1584
1395
1487
AA
50043
59393
64736

WNH
324177
350507
387323
WNH
5421
4645
5033
WNH
14603
10966
12531
WNH
304153
334896
369759

OTH
36794
45303
53852
OTH
723
775
824
OTH
634
518
645
OTH
35437
44010
52383

TOTAL
492530
552566
620994
TOTAL
7194
6380
6983
TOTAL
26298
19770
23699
TOTAL
459038
526416
590312

Table 5. Sample Size in Different Occupation Groups based on Gender
All Occupations Employee
2007
2011
2015
A&E Employee
2007
2011
2015
Construction Employee
2007
2011
2015
Non-AEC Employee
2007
2011
2015

Male
281238
287103
327169
Male
6006
5219
5683
Male
25646
19285
23031
Male
249586
262599
298455

Female
211292
265463
293825
Female
1188
1161
1300
Female
652
485
668
Female
209452
263817
291857

TOTAL
492530
552566
620994
TOTAL
7194
6380
6983
TOTAL
26298
19770
23699
TOTAL
459038
526416
590312

Quantifying the AEC Workforce Diversity by Gender and Race/Ethnicity- Simpson’s
Diversity Index
Traditional measures of diversity rely on calculating the proportion or magnitude of each
category of a variable. Although this approach can represent a meaningful and easy to understand
the index of diversity when there are only two categories of one variable, it falls short when there
are more than two types of a given variable (McLaughlin, McLaughlin, & McLaughlin, 2015). For
example, if the diversity of a workforce is quantified based on gender, there are two categories
including women and men. Therefore, just looking at the share of women in the workforce can
convey the gender diversity of the workforce. However, when it comes to measuring diversity by
ethnicity/race, there are more than two categories; for example, in this research, the racial/ethnic
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groups include four categories that are WNH, HISP, AA, and OTH. In this case, a traditional
approach cannot accommodate quantifying diversity by one indicator. Therefore, the researcher
chose Simpson’s Diversity Index to measure diversity based on gender and race/ethnicity for the
A&E and construction workforce. Simpson’s Diversity Index (SDI) was first introduced by
Edward H (Simpson, 1949) to calculate the degree of concentration (magnitude) when individuals
are categorized into various types. This index has been used previously in numerous research
studies, including measuring diversity in higher education (Franklin, 2012; McLaughlin et al.,
2015; Olzak & Kangas, 2008). Simpson’s Diversity Index is calculated as:
2
𝐷 = ∑𝑁
𝑖=1 𝑝𝑖

Eq. 7

Where, N is the total number of types (N=2 for gender and N=4 for race/ethnicity analysis),
and pi is the share of each type in the population.
The maximum for the SID depends on the total number of types: for N=2, the SID
maximum is 0.5; and for N=4, the SDI equals to 1. The interpretation of SDI is the probability that
two individuals, selected randomly, will be different on a given type. In other words, in this study,
the SDI will answer: if two employees were selected randomly from the AEC workforce, what is
the probability they would be from a different race/ethnicity (or gender)?
It should be noted that to interpret the SDI for the AEC workforce, a benchmark is needed.
In other words, the maximum SDI cannot be expected while the SDI of the population is not
maximum, considering there is not an equal share of all racial/ethnic groups or gender groups in
the U.S. population. Therefore, the researcher calculated the SDI for the population of the
workforce (all occupations) as a benchmark to compare the SDI of the AEC workforce with it.
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SDI is calculated in all sample years to analyze whether there was any improvement in the diversity
of the AEC workforce or not.
Racial/Ethnic and Gender Wage Gaps - Descriptive Analysis
After defining the minimum wage threshold, as discussed earlier in this chapter, weighted
average incomes were calculated for the data set (60 MSAs) as the following formula:
Weighted Average Income =

∑𝑁
𝑛=1(𝐼𝑁𝐶𝑊𝐴𝐺𝐸∗𝑃𝐸𝑅𝑊𝐸𝐼𝐺𝐻𝑇)
∑𝑁
𝑛=1 𝑃𝐸𝑅𝑊𝐸𝐼𝐺𝐻𝑇

Eq. 8

The following weighted averages were calculated in this analysis:
•

The weighted average income of 60 MSAs for AAs, Hispanics, White Non-Hispanics
regardless of gender, for the racial/ethnic wage gaps analysis

•

The weighted average income of 60 MSAs for both genders regardless of race/ethnicity
for the gender wage gap analysis

As discussed earlier, to enable a comparison of the data sets, the value of the US Dollar of
the sample years 2011 and 2015, relative to 2007, has been normalized. Table 6 exhibits the
Consumer Price Index (CPI) for the respective sample years:

Table 6. Consumer Price Index (CPI) for 2007, 2011 and 2015
2007 USD
1

2011 USD
1.08
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2015 USD
1.15

To explore the gender and racial/ethnic wage gaps, the ratio of average income in
percentage is calculated for all sample years. For race/ethnicity analysis, the ratios of average
income for HISP vs. WNH, AA vs. WNH, and HISP vs. AA are calculated for A&E, construction,
and non-AEC occupations. After that, all calculated ratios are deducted from 100% to demonstrate
the racial/ethnic and gender wage gaps and how they were affected by the Recession.
Racial/Ethnic and Gender Wage Differences-Inferential Statistics
To analyze whether there are statistically significant differences between the average
income of female and male workers, and between the underrepresented minorities and WNHs in
the AEC workforce, independent t-test (Welch’s t-test) will be utilized. Welch’s t-test is used to
test the hypothesis that the two populations of the study have equal means (here, average income).
Considering the noticeable difference in the share of WUMs in the AEC workforce, the sample
sizes for females, HISPs, and AAs are smaller than males and WNHs. Therefore, given that
Welch’s t-test is a more reliable statistical test when the two samples have an unequal sample size
and/or unequal variance, it was used as a statistical test for this study (Derrick & White, 2016;
Ruxton, 2006).
It should be mentioned that the researcher should decide among various comparisons of
means methods (t-test, ANOVA, planned comparisons, Post Hoc test, etc.) depending on the type
of data, research design, and questions. The researcher had a clear goal when designing the
objectives of this study and was interested to compare the wage gaps between WUMs and the
dominant group. Therefore, to analyze the racial/ethnic wage gap, the wage gap between HISPs
and WNHs, and also between AAs and WNHs were the researcher’s scope of interest. The
researcher did not aim to investigate the wage gap between underrepresented groups (wage gap
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and wage difference between HISPs and AAs) in this study. Therefore, considering that only two
groups were compared at each race/ethnicity level analysis, Welch’s t-test was used instead of
Welch’s ANOVA test. Additionally, while ANOVA tests the null hypothesis that all groups of
data have the same mean, it does not identify which particular pairs of groups have significant
differences. Different approaches are taken by researchers depending on research goals including
Post Hoc test and planned comparison tests to further investigate which two groups are
significantly different. The Post Hoc test is used when a researcher cannot decide which
comparisons to make and does not have planned comparison groups from the beginning of the
study. Therefore, all possible paired groups are compared. If a researcher has clear goals and
planned research design for comparison groups, conducting post hoc or other methods and
reporting favorable results should be avoided. This approach has been commonly used but
criticized by statisticians who called it “data dredging” (Ioannidis, 2005). Additionally, several
studies indicated the advantages of using planned comparisons over Post Hoc tests when
researchers have particular hypotheses, including increasing the power of against type II error, and
the reliability and precision of the results (Benton, 1990; Castañeda, 1993; DuRapau, 1988; Holm
& Christman, 1985; Kuehne, 1993). To conclude, although there are three racial/ethnic groups in
this study, Welch’s t-test is used instead of ANOVA because 1) The researcher had a clear goal
and research questions in the initiation of this research, 2) Planned comparison tests like t-test are
suggested over ANOVA and additional Post Hoc tests by statisticians as discussed.
Table 7 illustrates the compared groups to find if there is a significant difference between
the average income of Group 1 and Group 2 in the A&E and construction workforce for three
sample years.
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Table 7. Groups of Comparison of Wage Gaps for Welch’s t-test
No.

Comparison Group

Group1

Group 2

1

Gender

Male

Female

2

Race/Ethnicity

WNH

HISP

3

Race/Ethnicity

WNH

AA

The null hypothesis and the alternative hypothesis are as follow:
H0 = There is no significant difference between the average income of Group 1 and Group 2.
Ha = There is a significant difference between the average income of Group 1 and Group 2 at 5%
significant level.
The t statistic to test whether population means are significant or not is calculated as:

𝑡=

𝑋̅1 −𝑋̅2
2

2

1

2

Eq. 9

𝑠
𝑠
√ 1+ 2
𝑛
𝑛

Where, 𝑋̅1 , 𝑠12 , 𝑎𝑛𝑑 𝑛1 are the first sample mean, sample variance, and sample size, respectively.
For use in significance testing, the distribution of the test statistic is approximated as an
ordinary student's t-distribution with the degrees of freedom calculated as:
𝑠2

𝑑. 𝑓. =

𝑠2

2

(𝑛1 +𝑛2 )

1
2
2
2
2
𝑠
𝑠2
(𝑛1 )
(𝑛2 )
2
2
+
𝑛1 −1 𝑛2 −1
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Eq. 10

Once the test statistics and degree of freedom are calculated, the related two-tailed p-value
will be compared with the significance level (here 0.05) to decide on rejecting or accepting the
null hypothesis. In hypothesis testing, the researcher chose the significance level of 0.05.
Therefore, if the p-value is greater than 0.05, then the null hypothesis is accepted otherwise the
alternative (research) hypothesis is accepted. The 0.05 significant level is the probability of a type
I error which is rejecting a true null hypothesis. The researcher chose a liberal level of significance
level (0.05) for this research after reviewing a relevant paper in the area of gender and racial/ethnic
wage gaps in the construction and STEM fields (Cohen & Huffman, 2007; Goodrum, 2004; Olsen,
Tatum, & Defnall, 2012; Y. Xu, 2015).
When several tests are being conducted on the same sample of data simultaneously, the
likelihood of a type 1 error increases as well. The probability of making at least one type 1 error
in the series of testing on a single data (multiple testing) is defined as familywise error (FWE).
Although there is an agreement among scholars that FWE increases across a series of statistical
analyses on the same sample of data, there is no agreement on if any corrections should ever be
applied nor how it should be corrected. Also, there is a disagreement on whether every single
analysis counts in measuring the number of tests on a single sample data. The Bonferroni method
is one of the methods that has been widely used. However, there has been continuous controversy
regarding its use (Armstrong, 2014). This approach decreases the significance level of the test by
dividing the set significance level (alpha: 0.05) by the number of tests conducted on the same
sample of data. Some scholars argue that Bonferroni adjustment creates more issues rather than
solving the problem associated with FEW. The main weakness of Bonferroni is that Bonferroni
method increases the probability of type II error (by decreasing the probability of type I error) and
lower the power of a test. Therefore, real differences may not be detected. In this study, Bonferroni
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adjustments may mask the existence of significant gender or racial/ethnic wage differences in the
AEC occupations. Also, the Bonferroni method is too conservative which causes studies to be
unnecessarily underpowered (Armstrong, 2014; Cabin & Mitchell, 2000; Mundfrom, Perrett,
Schaffer, Piccone, & Roozeboom, 2006; Nakagawa, 2004; Perneger, 1998). Another proposed
method to control FWE is the Holm-Bonferroni method also called the Holm method which is less
conservative and more powerful than the Bonferroni correction. Holm method is a sequential
approach which first ranks the tests based on the calculated p-value from the performed test (here,
Welch’s t-test) from the smallest p-value to the largest p-value; second, it adjusted p-value (Holm
p-value) is calculated with the following formula:

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑝 − 𝑣𝑎𝑙𝑢𝑒 𝑏𝑦 𝐻𝑜𝑙𝑚 =

𝑇𝑟𝑎𝑔𝑒𝑡 𝑎𝑙𝑝ℎ𝑎 𝑙𝑒𝑣𝑒𝑙
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑠𝑡𝑠− 𝑟𝑎𝑛𝑘 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑖𝑟+1

Eq. 11

If the calculated p-value from the Welch’s t-test is smaller than the adjusted p-value
(adjusted with the Bonferroni method or Holm method), then the result will be significant.
Although there has been a controversy on the necessity of adjustment of p-value due to
FEW, the researcher conducted both Bonferroni and Holm-Bonferroni method for all multiple
testing in this study. Results that are different without considering p-value adjustment are
discussed in each chapter briefly. All results for Bonferroni and Holm methods are provided in
Appendix V.
3.6.3. Education Level Analysis
There have been numerous studies investigating how to improve retention and recruitment
of students, especially WUMs, in construction and engineering programs, not only to meet the
industry’s demand but also to ensure the economic growth of the nation. It is also vital to study if
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1) higher education helps all gender and race/ethnic groups with higher income; 2) the extent of
the gender and racial/ethnic wage gaps within the same educational attainment; and 3) how the
gender and racial/ethnic wage gaps controlling for educational level, changed during the sample
years.
Using education codes from the ACS survey, the grouping for A&E and construction
occupations is portrayed in Figure 2.

A&E
Below
Bachelor

Bachelor

Construction
Above
Bachelor

Highschool or
Below Highschool

Some College or
Associate Degree

Bachelor or
Above
Bachelor

Figure 2. Education Groups in A&E and Construction Occupations

The A&E occupations usually require higher educational attainment compared to
construction occupations. Therefore, the researcher considered having at least a high school
diploma or General Educational Diploma (GED) as the minimum education to be included in the
educational level analysis for A&E jobs. The “Below Bachelor” group includes individuals with
high school diplomas, GEDs, some college (less than 1 year, or 1 and more than 1 year of college
credit without a degree) and Associate’s degrees. The “Bachelor” group includes all individuals
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holding Bachelor’s degrees. The last group, “Above Bachelor” consists of individuals with Master’s
degrees, professional degrees beyond a Bachelor’s degree, and Doctoral degrees.
The education grouping for construction jobs differs slightly from A&E occupations since
construction professions usually do not require college degrees. The first education group is
“Highschool or Below Highschool” including all individuals with some schooling, without a high
school diploma or GED, as well as individuals with a high school diploma or GED. The second
group is “Some college or Associate” including individuals who have some college (less than 1
year, or 1 and more than 1 year of college credit without a degree) and Associate’s degrees. The
last group is “Bachelor or Above Bachelor” including individuals with Bachelor’s degrees or
Master’s degrees, professional degrees beyond a Bachelor’s degree, or Doctoral degrees.
Considering the limited sample size for a Bachelor’s degree and above a Bachelor’s degree, the
researcher had to combine these two education groups to facilitate studying construction
occupations based on educational attainment.
The sample for this part of the study includes all fifty states and the District of Columbia.
The reason to include all states was to obtain a sufficient sample size. Considering the grouping in
A&E and construction occupations, the sample sizes in A&E and construction occupations based
on education and race/ethnicity are illustrated in Table 8 and Table 9, respectively. Likewise, Table
10 and Table 11 exhibit the sample sizes in A&E and construction occupations based on education
and gender. After grouping, according to Tables 8 to 11, the average incomes for each gender and
race/ethnic group in A&E and construction occupations for all education groups were calculated.
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Table 8. Sample Size in A&E Occupations based on Race/Ethnicity and Education
Race/
Ethnicity
Education
Below Bachelor
Bachelor
Above Bachelor

AA

HISP

WNH

2007 2011

2015

2007

2011

2015

2007

2011

2015

321
167
57

281
151
84

508
301
112

334
194
82

464
325
149

5627
4097
1732

3779
2951
1204

4329
3717
1666

259
117
48

Table 9. Sample Size in Construction Occupations based on Race/Ethnicity and Education
Race/
AA
HISP
WNH
Ethnicity
2007 2011 2015 2007 2011 2015 2007 2011 2015
Education
High School/
Below High School
Some College/
Associate Degree
Bachelor/Above
Bachelor

2147 1665 1406 11269 7783 9095 25357 18786 18471
762

738

805

1717

1424 1861 12629 10513 11078

123

115

122

464

293

333

2715

2186

2346

With respect to the sample sizes shown in Tables 8 and 9, the racial/ethnic distribution of
the A&E and construction workforce based on education level are portrayed in Figures 3 to 8 for
the sample years.
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2007 - A&E
70.00%

Percentage

60.00%
50.00%
40.00%

HISP

30.00%

AA

20.00%

WNH

10.00%
0.00%
Below Bachelor

Bachelor

Above Bachelor

Education Level
Figure 3. Education Distribution in A&E Occupations by Race/Ethnicity in 2007

2011 - A&E
70.00%

Percentage

60.00%
50.00%
40.00%

HISP

30.00%

AA

20.00%

WNH

10.00%
0.00%
Below Bachelor

Bachelor
Education Level

Above Bachelor

Figure 4. Education Distribution in A&E Occupations by Race/ Ethnicity in 2011
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2015 - A&E
60.00%
50.00%

Percentage

40.00%
30.00%

20.00%
10.00%
0.00%
HISP
AA
WNH

Below Bachelor
49.47%
54.46%
44.57%

Bachelor
34.65%
29.26%
38.27%

Above Bachelor
15.88%
16.28%
17.15%

Education Level
Figure 5. Education Distribution in A&E Occupations by Race/ Ethnicity in 2015

Percentage

2007 - Construction
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
HISP
AA
WNH

HS/Below HS
83.78%
70.81%
62.30%

Some College/Asc.
12.77%
25.13%
31.03%

Bachelor/Above
3.45%
4.06%
6.67%

Education Level
Figure 6. Education Distribution in Construction Occupations by Race/ Ethnicity in 2007
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Percentage

2011 - Construction
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
HISP
AA
WNH

HS/Below HS
81.93%
66.12%
59.67%

Some College/Asc.
14.99%
29.31%
33.39%

Bachelor/Above
3.08%
4.57%
6.94%

Education Level
Figure 7. Education Distribution in Construction Occupations by Race/ Ethnicity in 2011

Percentage

2015 - Construction
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
HISP
AA
WNH

HS/Below HS
80.57%
60.27%
57.91%

Some College/Asc.
16.49%
34.50%
34.73%

Bachelor/Above
2.95%
5.23%
7.36%

Education Level
Figure 8. Education Distribution in Construction Occupations by Race/ Ethnicity in 2015
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Table 10. Sample Size in A&E Occupations based on Gender and Education Level
Gender
Education

Female

Male

2007

2011

2015

2007

2011

2015

Below Bachelor

1042

701

752

5688

3936

4579

Bachelor

884

640

827

4122

3025

3828

Above Bachelor

431

364

484

1785

1214

1785

Table 11. Sample Size in Construction Occupations based on Gender and Education Level
Gender
Education
High School/
Below High School
Some College/
Associate Degree
Bachelor/Above Bachelor

Female

Male

2007

2011

2015

2007

2011

2015

886

535

577

38706

28366

29118

489

398

470

15024

12683

13658

190

149

170

3258

2565

2766

With respect to the sample sizes shown in Tables 10 and 11, the gender distribution of the
A&E and construction workforce based on education level are portrayed in Figures 9 to 14 for the
sample years.
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2007 - A&E

Percentage

60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
Female
Male

Below Bachelor
44.21%
49.06%

Bachelor
37.51%
35.55%

Above Bachelor
18.29%
15.39%

Education Level
Figure 9. Education Distribution in A&E Occupations by Gender in 2007

2011 - A&E
60.00%

Percentage

50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
Female
Male

Below Bachelor
41.11%
48.15%

Bachelor
37.54%
37.00%

Above Bachelor
21.35%
14.85%

Education Level
Figure 10. Education Distribution in A&E Occupations by Gender in 2011

68

Percentage

A&E - 2015
50.00%
45.00%
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%
0.00%
Female
Male

Below Bachelor
36.45%
44.93%

Bachelor
40.09%
37.56%

Above Bachelor
23.46%
17.51%

Education Level
Figure 11. Education Distribution in A&E Occupations by Gender in 2015

Percentage

Construction - 2007
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
Female
Male

HS/Below HS
56.61%
67.92%

Some College/Asc.
31.25%
26.36%

Bachelor/Above
12.14%
5.72%

Education Level
Figure 12. Education Distribution in Construction Occupations by Gender in 2007
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Construction - 2011
70.00%
60.00%

Percentage

50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
HS/Below HS
Female
Male

49.45%
65.04%

Some
College/Asc.
36.78%
29.08%
Education Level

Bachelor/Above
13.77%
5.88%

Figure 13. Education Distribution in Construction Occupations by Gender in 2011

Construction - 2015
70.00%

Percentage

60.00%
50.00%
40.00%

30.00%
20.00%
10.00%
0.00%
HS/Below HS

Female
Male

47.41%
63.94%

Some
College/Asc.
38.62%
29.99%
Education Leve

Bachelor/Above
13.97%
6.07%

Figure 14. Education Distribution in Construction Occupations by Gender in 2015
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Temporal Analysis of The Racial/Ethnic and Gender Gap with Education as The Control
Factor
This part of the education level analysis is aimed at answering the following research
questions:
•

Is there a gender and racial/ethnic wage gap among the AEC workforce with the same
educational attainment? And, if there is such a gap, how has it changed through the sample
years?
As discussed in the literature review, there are so many factors impacting the gender and

racial/ethnic wage gaps. Although considering all the factors which possibly have an impact on
gender and racial/ethnic wage discrepancies is not feasible with the data for this study, the
researcher aimed to consider the available variable in the data, which is the educational attainment
of the workforce. To further investigate the temporal changes of the gender and racial/ethnic wage
gap in the AEC workforce, the researcher calculated the average income of gender and race/ethnic
groups in A&E and construction occupations within each education level in the &E and
construction occupations. To enable comparison of the data sets, the value of the US Dollar of the
sample years 2011 and 2015 has been normalized with respect to 2007.
The detailed approach for conducting the temporal analysis of the racial/ethnic wage gap
with the same educational attainment in A&E and construction occupations is portrayed in Table
12. In Table 11, µ𝐻 represents the average income of Hispanics, µ𝑊 represents the average income
of White non-Hispanics, and µ𝐴 shows the average income of African Americans.
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Table 12. Approach for Temporal Analysis of The Racial/Ethnic Wage Gap- Controlling
Education Level
A&E Occupations
Education Level
Year

Below Bachelor
2007

Wage Gap
HISP vs WNH

1-

Wage Gap
AA vs WNH

1-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2011

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

Bachelor

2015

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2007

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2011

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

Above Bachelor
2015

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2007

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2011

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2015

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

Construction Occupations
Education Level
Year

High School/
Below High School
2007

Wage Gap
HISP vs WNH

1-

Wage Gap
AA vs WNH

1-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2011

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2015

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

Some College/
Associate Degree
2007

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2011

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2015

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

Bachelor/Above
Bachelor
2007

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2011

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

2015

11-

µ𝐻
µ𝑊
µ𝐴
µ𝑊

After calculating all racial/ethnic wage gaps, as shown in Table 13, a graph is plotted to
study the temporal changes of those racial gaps within each educational level.
Similarly, the gender wage gap, while controlling for education, is calculated. The detailed
approach for conducting the temporal analysis of the gender wage gap with the same educational
attainment in A&E and construction occupations is portrayed in Table 13. In Table 13, µ𝑓
represents the average income of females and µ𝑚 represents the average income of males.
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Table 13. Approach for Temporal Analysis of The Gender Wage Gap- Controlling
Education Level
A&E Occupations
Education Level
Year
Gender Wage Gap

Below Bachelor
2007

1-

µ𝑓
µ𝑚

2011

1-

µ𝑓
µ𝑚

Bachelor

2015

1-

µ𝑓
µ𝑚

2007

1-

µ𝑓
µ𝑚

2011

1-

µ𝑓
µ𝑚

Above Bachelor
2015

1-

µ𝑓
µ𝑚

2007

1-

µ𝑓
µ𝑚

2011

1-

µ𝑓
µ𝑚

2015

1-

µ𝑓
µ𝑚

Construction Occupations
Education Level
Year
Gender Wage Gap

High School/
Below High School
2007

1-

µ𝑓
µ𝑚

2011

1-

µ𝑓
µ𝑚

2015

1-

µ𝑓
µ𝑚

Some College/
Associate Degree
2007

1-

µ𝑓
µ𝑚

2011

1-

µ𝑓
µ𝑚

2015

1-

µ𝑓
µ𝑚

Bachelor/Above
Bachelor
2007

1-

µ𝑓
µ𝑚

2011

1-

µ𝑓
µ𝑚

2015

1-

µ𝑓
µ𝑚

After calculating all racial/ethnic wage gaps, as shown in Table 13, a graph is plotted to
study the temporal changes of the gender wage gaps within each educational level.

Inferential Analysis of The Racial/Ethnic and Gender Wage Differences – Controlling for
Education Level
As discussed earlier in the research questions section, the researcher tried to answer the
following research question:
•

Is there a significant difference in the average income of the AEC workers by gender and
race/ethnicity with the same educational attainment?
In order to test if a difference is significant, the independent t-test was performed between

Group 1 and Group 2 in each education level for both A&E and construction occupation in all
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sample years. Table 14 and Table 15 exhibit the comparing groups in A&E and construction
occupations accordingly.

Table 14. Comparing Groups for Gender and Racial/Ethnic Wage Differences in A&E
Occupations
Race/Ethnicity Analysis
Grouping
Education
Level
Below Bachelor
Bachelor
Above Bachelor

Gender Analysis

Group
1

Group
2

Group
1

Group
2

Group
1

Group
2

Group
1

Group
2

HISP
µ1
µ1
µ1

WNH
µ2
µ2
µ2

AA
µ1
µ1
µ1

WNH
µ2
µ2
µ2

HISP
µ1
µ1
µ1

AA
µ2
µ2
µ2

F
µ1
µ1
µ1

M
µ2
µ2
µ2

For example, in Table 13, the t-test is conducted between the average income of HISPs
with a “Below Bachelor” degree and the average income of WNHs with a “Below Bachelor”
degree. Similarly, the t-test is conducted for all other compared groups within each educational
level.
The researcher considered a 5% significance level to decide to reject the null hypothesis.
The null hypothesis and the alternative hypothesis are as follows:
-

H0 = There is no significant difference between the average incomes of Group 1 and
Group 2.

-

Ha = There is a significant difference between the average incomes of Group 1 and Group
2 at a 5% significance level.
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Table 15. Comparing Groups for Gender and Racial/Ethnic Wage Differences in
Construction Occupations
Race/Ethnicity Analysis
Grouping
Education
Level
High School/
Below High
School
Some College/
Associate Degree
Bachelor/Above
Bachelor

Gender Analysis

Group

Group

Group

Group

Group

Group

Group

Group

1

2

1

2

1

2

1

2

HISP

WNH

AA

WNH

HISP

AA

F

M

µ1

µ2

µ1

µ2

µ1

µ2

µ1

µ2

µ1

µ2

µ1

µ2

µ1

µ2

µ1

µ2

µ1

µ2

µ1

µ2

µ1

µ2

µ1

µ2

For example, in Table 15, the t-test is conducted between the average income of HISPs
with “High School/ Below High School” degrees and the average income of WNHs with “High
School/ Below High School” degrees. Similarly, the t-test is conducted for all other compared
groups within each educational level.
The researcher considered a 5% significance level to decide to reject the null hypothesis.
The null hypothesis and the alternative hypothesis are as follows:
-

H0 = There is no significant difference between the average incomes of Group 1 and Group
2.

-

Ha = There is a significant difference between the average incomes of Group 1 and Group 2
at a 5% significance level.
Considering the controversy on the adjustment of p-value due to FEW, the researcher

conducted both Bonferroni and Holm-Bonferroni method for all multiple testing for comparing
the average income controlling for the education level. Results that differ without p-value
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adjustment are discussed in each chapter briefly. All results for Bonferroni and Holm methods are
provided in Appendix V.
Higher Education Analysis
The researcher in this section aimed to answer the following research question: Does higher
education level bring a different income for all gender and race/ethnic groups in the AEC
workforce?
The reason for setting this question is to identify if having a higher education level helped
all of the racial/ethnic and gender groups in the AEC workforce with better and higher incomes,
or if some racial/ethnic and gender groups did not favor higher incomes although they invested in
acquiring higher education levels. The independent t-test was implemented between a lower-level
education and a higher-level education for the same ethnic and race groups separately to investigate
whether all gender and race/ethnic groups earn significantly different with a higher education level.
For instance, the t-test investigates if there is a significant difference between the average incomes
of females with a Bachelor’s degree and the average incomes of females with above Bachelor
degrees. The comparison groups for higher education analysis in A&E and construction
occupations are exhibited in Table 16 and Table 17, respectively.
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Table 16. Comparison Groups for Higher Education Analysis in A&E Occupations
Education
Level
Group
HISPs
WNHs
AAs
Females
Males

Group 1
Below
Bachelor
µ1
µ1
µ1
µ1
µ1

Group 2

Group 1

Bachelor

Bachelor

µ2
µ2
µ2
µ2
µ2

µ1
µ1
µ1
µ1
µ1

Group 2
Above
Bachelor
µ2
µ2
µ2
µ2
µ2

The independent t-test was conducted for all of the comparison groups in Table 16 in 2007,
2011, and 2015. For example, in Table 16, the t-test was conducted between the average income
of Hispanics with “Below Bachelor” education and the average income of Hispanics with
“Bachelor” education in A&E occupations. The researcher considered a 5% significance level to
decide to reject the null hypothesis.
The null hypothesis and the alternative hypothesis are as follows:
-

H0 = There is no significant difference between the average incomes of Group 1 and
Group 2.

-

Ha = There is a significant difference between the average incomes of Group 1 and Group
2 at a 5% significance level.

Considering the controversy on the adjustment of p-value due to FEW, the researcher
conducted both Bonferroni and Holm-Bonferroni method for all multiple testing in this study.
Results that differ without p-value adjustment are discussed in each chapter briefly. All results for
Bonferroni and Holm methods are provided in Appendix V.
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Table 17. Comparison Groups for Higher Education Analysis in Construction Occupations
Education
Level

Group 1

Group 2

Group 1

Group 2

High School/
Below High School

Some College/
Associate Degree

Some College/
Associate Degree

Bachelor/Above
Bachelor

µ1
µ1
µ1
µ1
µ1

µ2
µ2
µ2
µ2
µ2

µ1
µ1
µ1
µ1
µ1

µ2
µ2
µ2
µ2
µ2

Group

HISPs
WNHs
AAs
Females
Males

Based on the comparison groups for construction occupations, as illustrated in Table 17,
the independent t-test was conducted for all comparison groups for sample years. For example, in
Table 17, the t-test was conducted between the average incomes of Hispanics with “Highschool or
Below Highschool” educations and the average incomes of Hispanics with “Some College or
Associate Degree” educations in construction occupations. The researcher considered a 5%
significance level to decide to reject the null hypothesis. The null hypothesis and the alternative
hypothesis are as follows:
-

H0 = There is no significant difference between the average incomes of Group 1 and
Group 2.

-

Ha = There is a significant difference between the average incomes of Group 1 and Group
2 at a 5% significance level.
Considering the controversy on the adjustment of p-value due to FEW, the researcher

conducted both Bonferroni and Holm-Bonferroni method for all multiple testing in this study.
Results that differ without p-value adjustment are discussed in each chapter briefly. All results for
Bonferroni and Holm methods are provided in Appendix V.
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3.6.4. Spatial Analysis
The second part of this study is designed to analyze the spatial pattern and spatial
distribution of the gender wage gaps among U.S. states. In this section of the data analysis,
Exploratory Spatial Data Analysis (ESDA) as a method for spatial analysis will be discussed.
Additionally, more advanced techniques in ESDA, including global spatial autocorrelation and
local spatial autocorrelation are discussed.
Similar to the temporal analysis, weighted average incomes were calculated and
normalized for inflation for each state separately as follows:
•

The weighted average income in each state for females and males, regardless of
race/ethnicity

To explore the gender wage gap, the ratio of average income in percentage is calculated
for all sample years in A&E and construction.
Exploratory Spatial Data Analysis
This study utilizes Exploratory Spatial Data Analysis (ESDA) techniques to analyze both
the global and local contexts of the gender wage ratio (female to male) and racial/ethnic wage ratio
(HISP to WNH and AA to WNH). ESDA is simply the extension of Exploratory Data Analysis
(EDA) to detect the spatial properties of the data set in which there is a locational datum for each
attribute (Haining, Wise, & Ma, 1998). ESDA is a collection of methods used to visualize spatial
distributions and distinguish the geographical characteristics of data, mainly focusing on spatial
autocorrelation and heterogeneity. In other words, ESDA is a technique to detect spatial properties
and the geography of the data. It is important to link the numerical data with their locations to be
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able to answer questions like “where are those cases on the map?” (Haining et al., 1998). The
ESDA techniques also identify the locations of spatial outliers (extreme values) and existing
patterns of spatial associations (clusters or hot-spots). The ESDA techniques are well-known
methods in regional science research used to study the spatially varying patterns of the variables
of interest (Anselin et al., 2007).
Spatial Weights – Defining Neighbors
Spatial weights are the key elements in conducting spatial autocorrelation statistics. In
other words, spatial weights are the formal expression of location similarity, which is called
defining neighbors. The spatial weights are defined in a matrix called a spatial weight matrix. For
N number of observations, the neighbor structure between the observations will be expressed as a
n×n matrix W in which the elements wij of the matrix are the spatial weights:
𝑤11
W= [ ⋮
𝑤𝑛1

⋯ 𝑤1𝑛
⋱
⋮ ]
⋯ 𝑤𝑛𝑛

Eq. 12

Each observation (spatial unit) is represented in the matrix by a row i with the potential
neighbors in column j. The spatial weights wij are zero when i and j are not neighbors and one
when i and j are neighbors. The self-neighbor relation is excluded, and the diagonal elements of
W are zero.
In applying ESDA, the first step is to define the spatial thresholds, either based on
proximity or contiguity (i.e., defining a spatial weights matrix that describes the neighborhood
structure), among the spatial units of observation (the 48 states and Washington D.C., in this
study). There are multiple ways to define neighbors including contiguity and distance-band. There
are not any specific criteria on how to define the neighbors in the spatial analysis but it requires
the researcher’s judgment. As a general guideline, it is suggested to define the neighbors that best
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impose the structure on the data and also best reflects how the variables of the interest interact with
each other in reality (ESRI, 2020). After experimenting with various spatial weights, the Queen
Contiguity Weight Matrix was selected for the purpose of this study considering that neighboring
states have higher socio-economic interaction with each other (Niemi & Dyck, 2013). Figure 15
portrays neighbors of the highlighted area, which include all boxes sharing borders or vertices with
the highlighted box.

Figure 15. Queen Contiguity Weight Matrix

In the Queen Contiguity Weight matrix, all states sharing borders or vertices of a state, are
defined as the neighbors of that state, with a value equal to one in the spatial weight matrix.
Box Map
A box map is one type of extreme value map designed to highlight the locations of extreme
values, whether at the lower or upper end of the scale. The researcher has created a box map to
visualize extreme values, which are an essential aspect of ESDA. A box map, which is a
geographic box plot, allows for the identification of locations with extreme values (Anselin, 1999),
by showing these locations in six categories, which are four quartiles, as well as lower and upper
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outliers (Anselin, 1994). The box map for the wage ratio of women’s average income to men’s
average income in A&E and construction occupations is plotted for a better understanding of the
location of extreme values.
Testing for Spatial Autocorrelation
Global Spatial Autocorrelation
Global spatial autocorrelation is determined by testing a null hypothesis of spatial
randomness. Rejection of this null hypothesis suggests the existence of spatial autocorrelation (a
systematic spatial distribution pattern of a variable). Simply, global spatial autocorrelation tests
the overall (dis)similarity between the value of wage ratio (gender) for each state and the values
of wage ratios in the neighboring states using all spatial observations, which include the 48
continental states and Washington D.C. in this study.
The most commonly used test for spatial autocorrelation at a global level is Moran’s I
statistics (Anselin, 1995). This value varies between -1 and +1., representing the slope of the line
in Figure 16. Moran’s I in Equation 12 identifies the existence of global spatial autocorrelation,
which means it identifies the extent to which similar or dissimilar values create a cluster or outlier,
in comparison to the values of neighboring states in a spatial dataset.
𝑁
∑𝑁
𝑁
𝑖=1 ∑𝑗=1 𝑤𝑖𝑗 (𝑥𝑖 −𝑥)(𝑥𝑗 −𝑥)
[
]
𝑁
2
∑𝑁
𝑖=1 ∑𝑗=1 𝑤𝑖𝑗
𝑖 (𝑥𝑖 −𝑥)

𝐼 = ∑𝑁

Eq. 13

Where N is the total number of locations (states), i is the location i (state i), j is a
neighboring location (neighboring state j), wij is a spatial weight between location i and j, 𝑥 is
mean value of locations (average wage ratio of all states), xi is measure at location i (wage ratio at
states i) and xj is the measure at location j (wage ratio at state j).
The closer the Moran’s I is to -1, the greater the spatial dissimilarity, indicating the
82

presence of dissimilar values next to each other. In contrast, the closer the Moran’s I is to +1, the
greater the spatial similarity, indicating clustering is dominant. Clustering indicates there is some
patterning in the data, and similar values in the whole map are clustered in the map. However,
when Moran’s I is closer to zero, the test fails to detect global spatial autocorrelation. It should be
noted that inferring the value for the Moran’s I is associated with its significance, and there will
not be any conclusion derived from non-significant values indicating randomness.
The inference of Moran’s I is based on the null hypothesis, which is randomness. The null
distribution will be generated by randomly reshuffling the values of the dataset to different
locations and calculating the associated Moran’s I. After that, the possibility of getting the same
value of Moran’s I with randomly permuted data will be computed, resulting in an associated pvalue (pseudo p-value). If the p-value is higher than the set significance (in this study 0.05), the
null hypothesis cannot be rejected, meaning that the observed spatial pattern of values is equally
as likely as any other spatial pattern (Anselin, 2018).

Figure 16. Moran's I Scatterplot

83

Moran’s I is a useful visual tool, enabling researchers to assess how similar an observed
value is to its neighboring observations. The horizontal axis in Moran’s I scatter plot represents
the values of the observations; here it shows the wage ratio for each state on X-axis. The vertical
axis (Y-axis) is based on the weighted average of the corresponding observation (neighbors for the
observation on the X-axis) on the horizontal axis. The vertical axis is also known as the spatial lag
of the corresponding observation on the horizontal axis. Therefore, based on the position of each
observation, the Moran’s I scatter plot expresses the level of association between each observation
and its neighbors. The regression slope of the Moran scatter plot is equivalent to Moran’s I value.
The upper right quadrants are cases in which both the value of the observation and the
value of its neighbors are higher than the overall average value. This is known as the first quadrant
or High-High (H-H). For example, if the wage gap in one state is higher than the average wage
gap of all states, and the wage gap for the neighbors of that state is also higher than the average of
all states, this state will fall into the first quadrant. It is important to keep in my mind that when
the terms “high” and “low” are used, they have been compared with the average value of all
observations. Similarly, the second quadrant represents spatial samples with low values of the
variable of interest (lower than the average) surrounded by neighbors with high values (higher than
the average) of the measure known as Low-High (L-H). Similarly, the third quadrant represents
spatial samples with low values of the variable of interest (lower than the average) surrounded by
neighbors with low values of the measure (lower than the average) known as Low-Low (L-L).
Likewise, the fourth quadrant represents spatial samples with high values (higher than the average)
surrounded by neighbors with low values of the measure (lower than the average) known as HighLow (H-L). To simplify the concept of global spatial autocorrelation, Figure 17 represents the
meaning of positive and negative spatial autocorrelation.
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Figure 17. Types of Spatial Autocorrelation

It should be noted that Moran’s I does not provide information about the geographic
locations of outliers or clusters; however, it is still critical to test the presence of spatial
autocorrelation at a global level, as the presence of local spatial clusters and/or outliers might differ
by region. Similarly, the absence of global spatial autocorrelation does not necessarily mean there
are no spatial clusters and/or outliers at the local level. Therefore, performing a local-level analysis
is necessary to detect local spatial distribution patterns.
Local Spatial Autocorrelation
Local indicators of spatial association (LISA) determine the locations and significance
level of clusters and outliers, which cannot be found through a global spatial autocorrelation test
with Moran’s I statistics. A LISA map shows the locations with significant Local Moran statistics
and their types (outliers: low-high and high-low; clusters: low-low and high-high). LISA tests the
presence of spatial clusters and/or spatial outliers for each state’s (dis)similarity between its value
of wage ratio and the neighboring states’ wage ratio values, as shown in Equation 13. Spatial
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clusters are indicators of positive spatial autocorrelation, whereas spatial outliers are indicators of
negative spatial autocorrelation.
Similar to the global-level analysis, the local spatial autocorrelation of wage ratios is
considered to be significant at 5% pseudo significance levels (pseudo-p-value). That is to say, they
are confirmed by the redistributing of simulated values of neighbors for each location using
permutation. The number of permutations is set at 999, indicating precision is 0.001. LISA maps
only portray the spatial units that have passed the user-defined significance level (0.05). A
highlighted cluster is a core of clusters; therefore, neighbors of a highlighted state should also be
considered as parts of the identified clusters (H-H or L-L). However, in the presence of outliers,
they are the actual locations of interest.
𝐼𝑖 = [

(𝑥𝑖 −𝑥) ∑𝑁
𝑗 𝑤𝑖𝑗 (𝑥𝑗 −𝑥)
2
∑𝑁
𝑖 (𝑥𝑖 −𝑥)

]

Eq. 14

where N is the total number of locations (states), i is the location i (state i), j is a neighboring
location (neighboring state j), wij is the spatial weight between location i and j, 𝑥 the is the mean
value of locations (average wage ratio of all states), xi is measure at location i (wage ratio at states
i) and xj is the measure at location j (wage ratio at state j).
To formally test the existence of global and local spatial autocorrelation, GeoDa 1.12,
which is a spatial analytics tool, is employed. GeoDa is a powerful open-source, free software
implemented for spatial data analysis (Anselin, Syabri, & Kho, 2006). All of the indicators of
spatial autocorrelation are calculated and mapped with Geo Da software.
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Gender Wage Gap and Workforce Education and Women’s share in the AEC Occupations
by State
Although conducting the spatial analysis of the gender wage gap controlling for education
was not feasible due to inadequate sample size, the researcher aimed to provide the educational
level of the AEC workforce, as well as the women’s share, by each state to provide a better
understanding of the status of the AEC workforce for analyzing possible scenarios of higher or
lower gender wage gaps in some states relative to the national average, with respect to the
educational level of the AEC workforce and women’s shares in those states. It should be mentioned
that the weighted national average of the gender wage gap was calculated relative to the weighted
average income of women and men. Therefore, the weighted national average of the gender wage
gap may differ slightly from the mean of the gender wage gap calculated in the ESDA technique
because in ESDA there will be just one value of the gender wage gap for each state, and the number
of observations in each state is not included.
Therefore, the researcher first calculated the percentage of the AEC workforce having a
bachelor’s degree or higher for all fifty states and the District of Columbia, regardless of
race/ethnicity and gender. The reason for this is that the data is not sufficient enough to break down
the educational attainment based on gender for each state. After that, all states were ranked from
a highly educated workforce to a lower educated workforce for the year 2015, for both the AEC
and all occupations.
∑51
i=1(Count of Workforce with Bachelor′s degree or above) in Statex
∑51
i=1(Count of workforce with any education level) in Statex
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× 100

Eq. 15

Additionally, using the number of women in the AEC occupations in each state, the relative
share of women in A&E and construction in each state was calculated. This part of the study
focuses only on 2015, as the most recent sample year, to investigate the current status of the AEC
workforce’s educational level and women’s share in each state, and its possible relation to the
gender wage gap for further discussion. The researcher grouped the states into two groups
including “well performers” and “poor performers” in A&E as well as construction occupations
based on the following definition:
-

If the gender wage gap in the state is lower than the national average of the gender wage
gap, then it will be under the “well-performer” group; and

-

If the gender wage gap in the state is higher than the national average of the gender wage
gap, then it will be under the “poor-performer” group
After identifying the well and poor performers, the researcher identified the following

attributes:
- The percentage of well-performers (poor-performers) that have a higher (lower) share of
women than the national average, or have had an increase in the women’s share compared
to previous sample years.
- The percentage of well-performers (poor-performers) that have a more (less) educated
workforce than the national average. It should be noted the AEC workforce education level
is not based on gender or race/ethnicity and reflects the overall educational level of the
AEC workforce in each state.
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3.7. Summary of Research Methodology
Descriptive, inferential, and ESDA research methodologies were utilized in this study.
First, to have an overall overview of the research, a research methodology flowchart was developed
and explained. The research methodology flowchart was designed in a way to help the researcher
answer the research questions. After that, the process of data identification, as well as data
characteristics was discussed. In addition, the selected variables and samples from the database
were defined. Finally, the study addressed the research design and data analysis for each scope of
the study. The research methodology chapter came into conclusion with this summary of the
research methodology.
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Chapter 4.

Temporal Analysis of the AEC Workforce – Distribution, Wage Gaps and

Wage Differences by Race/Ethnicity and Gender
4.1. Introduction
This section provides data analyses to answer the following research questions:
1. Has there been any change in gender and racial/ethnic diversity of the AEC workforce
during the sample years of the study?
2. Did the gender and racial/ethnic wage gaps change in the AEC industry?
a. Have the gender and racial/ethnic wage gaps declined recently (without controlling
for education)?
b. Is there a significant difference between the average income of WUMs, as
compared to whites and males?
The first part of this chapter addresses the questions for racial/ethnic groups, and the second
part aims to provide results for gender groups. The researcher should highlight that the results of
this section are based on the 60 MSAs which are highly populated or concentrated in the
construction and engineering activities compared to the national average of the United States.
While the results of this chapter provide an overall picture of the status of wage gaps within these
60 MSAs, the results might slightly differ if all MSAs were included in the study. The reasons
behind limiting the scope of this chapter to selected 60 MSAs were discussed earlier in researcher
scope and limitation in Chapter 1. Readers should be cautious in interpreting the results of this
chapter.
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4.2. Temporal Analysis – Race/Ethnicity
The temporal analysis begins with comparing the share of minorities (African Americans
(AA) and Hispanics (HISP)) with their white non-Hispanic (WNH) counterparts in different
occupation groups and determining to what extent their share has changed in the sample years.
Further, the results for temporal analysis investigate the ‘big picture’ of how different occupation
categories of this study were impacted during the Great Recession, and to what extent they have
improved during the recovery period. Moreover, how different racial/ethnic groups were impacted
in A&E and construction occupations is discussed in terms of 1) the share of race/ethnic groups;
2) the racial/ethnic wage gaps and differences.
4.2.1. The Composition of the AEC Workforce and Simpson’s Diversity Index by
Race/Ethnicity
To investigate the level of diversity in different occupations, the researcher analyzed the
racial/ethnic composition of different occupations. Figure 18 exhibits the share of WNHs, AAs,
HISPs, and all other races (OTH) in three occupation groups, including construction, A&E jobs,
and non-AEC jobs, as well as all occupations (all of the workforce).
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Figure 18. The Racial/Ethnic Distribution in AEC and non-AEC Occupations

At first glance, it can be noted that A&E occupations are the least diverse occupation group,
in which WNH has the dominant share of employees in all sample years. However, the share of
WNH workers in A&E occupations decreased slightly from 75.35% in 2007 to 72.81% and
72.08% in 2011 and 2015, respectively. Although the decrease in the share of WNH employees in
A&E occupations has occurred very slowly, it has led to an increase in the participation of
minorities (HISPs and AAs). Therefore, the share of HISP workers in A&E occupations has
increased slightly from 9.62% in 2007 to 9.69% and 10.68% in 2011 and 2015 correspondingly.
Nevertheless, comparing the share of HISPs in A&E occupations (9.62%, 9.69%, and 10.68% in
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2007, 2011, and 2015) and all occupations during the sample years (16.16%, 17.31%, and 18.23%
in 2007, 2011, and 2015) indicates that HISPs were still underrepresented in A&E occupations.
AA workers are the most underrepresented group of employees in A&E occupations, constituting
the lowest share. However, they have also made a slight improvement by increasing their share
from 4.98% in 2007 to 5.36% and 5.44% in 2011 and 2015, respectively. AA workers are more
underrepresented in A&E occupations than construction and non-AEC occupations. AA workers
in A&E jobs comprise their lowest share equal to 4.98%, 5.36%, and 5.44% in 2007, 2011, and
2015 respectively, and are the most underrepresented minority group in A&E occupations. The
share of AA workers in A&E occupations is slightly lower than their share in construction
occupations and is about half of their share in non-AEC and all occupations.
Construction occupations are more diverse than A&E occupations. The share of HISP and
AA workers in construction occupations is higher than their share in A&E occupations in all
sample years. However, WNH workers still comprise more than half of the construction workforce
and HISP workers constitute more than one-third of all workers in construction occupations, which
is also higher than their share in A&E, non-AEC, and all occupations. This fact indicates that HISP
workers are mainly concentrated in construction jobs. This concentration can be better understood
by comparing the share of HISPs in all occupations (16.16%, 17.31%, and 18.23% in 2007, 2011,
and 2015) and their share in construction occupations (36.04%, 34.86%, and 38.13% in 2007,
2011, and 2015). During the Recession, there was a decrease in the share of HISP and WNH
workers in the construction industry. The share of HISP and WNH workers decreased during the
Recession period, but the decrease was at a considerably higher pace for HISP workers. The share
of HISPs in construction jobs decreased by 1.18%, while it decreased by 0.06% for WNHs from
2007 to 2011. At the same time, the share of AA workers increased by 1.03% in construction
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occupations. During the recovery period, HISP workers recovered their share from 34.86% to
38.13% (3.27% increase), which is higher than their share before the Recession in 2007 (36.04%).
However, the share of AA workers decreased slightly from 7.06% in 2011 to 6.27% in 2015
(0.78% decrease). Similar to the decrease in the share of WNH construction workers from 2007 to
2011, their share decreased but at a higher pace during the recovery period by 2.59% from 55.47%
in 2011 to 52.88% in 2015. Therefore, construction occupations are more inclined toward diversity
by a decrease in the share of WNH workers across the sample years.
Simpson’s Diversity Index by Race/Ethnicity
The Simpson's Diversity Index (SDI) for A&E, construction, and workforce population
were calculated considering four racial/ethnic groups (WNH, HISP, AA, and OTH). The results
for the sample years are summarized in Figure 19.
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Figure 19. Simpson’s Diversity Index by Race/Ethnicity
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The maximum SDI considering four different groups is equal to one. However, the
population of the total workforce (all occupations) is 0.524, 0.549, and 0.559 in 2007, 2011, and
2015, respectively. Therefore, the expectation to interpret SDI for A&E occupations should be
relative to the SDI of the population. Comparing the SDI of the population with construction, it
can be noted that construction occupations are almost as diverse of the population. Considering
the underrepresentation of AAs in the construction industry, the SDI can be further improved by
the participation of AAs in the construction professions. There has been a slight improvement in
the SDI in construction jobs as well. Nevertheless, preserving the diversity of the construction
professions is essential, and requires the industry’s effort to provide equal opportunities, for
example, equal pay for the same work, as well as equal promotion and hiring opportunities.
Therefore, the next part of this study was aimed at investigating the racial/ethnic wage gap in the
construction workforce.
Comparing SDI values in the A&E occupations with population, it can be understood that
A&E occupations are not diverse enough, and are also falling behind construction jobs in terms of
diversity. Based on the share of AAs and HISPs form Figure 18, both AAs and HISPs have been
underrepresented in A&E occupations, and the slight improvement in their share in A&E jobs has
not been sufficient to reach the level of diversity in construction jobs.
4.2.2. Temporal Analysis of the Racial/Ethnic Wage Gaps in A&E, Construction and nonAEC Occupations
The indication of the minority underrepresentation can be partly discussed by their lower
share compared to their WNH counterparts. However, in addition to the low share of minorities in
various occupations, it is essential to compare their relative wages to the WNHs workers in the
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same occupations, to further investigate their situations in the AEC workforce. Figure 20 illustrates
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Figure 20. The Average Income of Race/Ethnic Groups in Different Occupations

It is confirmed from Figure 20 that, in general, construction occupations are lower-paying
jobs compared to A&E occupations for all race groups. Accordingly, with the values for average
income from Figure 20, Table 18 summarizes the race wage gap in non-AEC, A&E, and
construction occupations between three groups: first, the wage gap between HISP and WNH;
second the wage gap between AA and WNH.

96

Table 18. Racial/Ethnic Wage Gap in A&E, Construction and non-AEC Occupations
Wage Gap
A&E Occupations
HISP to WNH
AA to WNH
Construction Occupations
HISP to WNH
AA to WNH
Non-AEC Occupations
HISP to WNH
AA to WNH

2007

2011

2015

24.35%
22.70%

21.38%
13.37%

12.18%
16.82%

36.77%
19.11%

38.55%
15.01%

36.56%
22.23%

44.78%
36.14%

42.92%
32.71%

43.26%
36.59%

At first glance, it can be noted that the wage gap between HISPs and WNHs and the wage
gap between AAs and WNHs are higher in non-AEC occupations than the wage gaps in
construction and A&E occupations in all sample years. For better identifying the temporal changes
in the wage gap for different occupation groups, separate graphs for the HISP to WNH wage gap
and AA to WNH wage gap have been plotted in Figures 21 and 22.
Wage Gap between HISPs and WNHs in A&E, Construction and non-AEC Occupations
The wage gap between HISPs and WNHs in different occupations is portrayed in Figure
21 for better illustration. The highest wage gap between HISPs and WNHs is in non-AEC
occupations, followed by construction, and then A&E occupations. The wage gap between HISPs
and WNHs in construction occupations changed slightly during the Recession and recovery period.
The wage gap in the construction increased from 36.77% in 2007 to 38.55% in 2011 (an increase
of 1.79%) and decreased from 38.55% in 2011 to 36.56% in 2015 (a decrease of 1.99%). Therefore,
HISP workers in construction occupations were paid around two-thirds of what their WNH
counterparts were paid. The situation for HISPs working in A&E occupations is more satisfactory
than in construction jobs. Not only is the wage gap lower in A&E occupations than construction
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occupations, but it also decreased both during the Recession and recovery time. The gap decreased
from 24.35% in 2007 to 21.38% in 2011 (a decrease of 2.97%), and decreased at a higher pace,
from 21.38% in 2011 to 12.18% in 2015 (a decrease of 9.20%).
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Figure 21. Wage Gap Between HISPs and WNHs in Different Occupations

Discussion on the Wage Gap between HISP and WNH in the AEC Occupation
As discussed earlier, the wage gap between HISPs and WNHs in construction occupations
has been high and did not change considerably during the sample years. A study by the Economic
Policy Institute (EPI) also confirmed that there has been stability in the wage gap between HISPs
and WNHs in the overall workforce, even after controlling for education, experience, and
geographic location (Mora & Dávila, 2018). Several factors can have an impact on this
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racial/ethnic wage gap in the AEC industry including, work experience, work hours, education
level, construction job work type, union, and non-union work, and labor market discrimination.
Controlling all these factors at the same time was not feasible in this study for two reasons: 1) not
all of the mentioned variables are available from the database (work experience and union ship);
and 2) considering all of the available variables (like geographic location, a specific work type,
work hours, and education level) made the sample size insufficient for analysis. Nevertheless, the
researcher tried to investigate the possible reasons for this ethnic wage disparity.
Construction Occupations
Hispanic workers in the construction industry had lower educational attainment than their
WNH counterparts. This could be one factor influencing the wage gap. However, looking at the
income among highly educated HISPs and WNHs, the difference between the average income is
still considerable. More in-depth analysis of the ethnic wage gap considering education level is
discussed in Chapter 5. Additionally, the ethnic wage gap in the construction occupations
considered 27 different construction jobs, and not all of the jobs have the same pay, nor do all
underrepresented minority groups have the same shares in the selected construction jobs. In other
words, some underrepresented minority groups might work in higher-paying jobs in the
construction industry. Looking at the data on the distribution of construction jobs by race/ethnicity,
it was identified that HISPs were mainly working as construction laborers, carpenters, and painters,
whereas WNHs were mainly working as first-line supervisors and electricians, in addition to
construction laborers and carpenters. Therefore, the concentration of WNHs in higher-paying
construction jobs (such as first-line supervisors and electricians) can have an impact on the overall
wage gap between HISPs and WNHs in construction occupations. The average income of HISPs
and WNHs in construction jobs, in which both HISPs and WNHs have a high share, is portrayed
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in Table 19.

Table 19. HISP and WNH Average Income in Some Construction Jobs in 2015

Occupation
First-Line Supervisors of Construction Trades and
Extraction Workers
Carpenters
Construction Laborers
Electricians
Painters and paperhangers (Paperhangers)
Pipe layers, Plumbers, Pipefitters, and Steamfitters

HISP
Income
($)

WNH
Income ($)

Wage
Gap

46,466.82

65,258.84

28.80%

29,171.66
27,406.55
36,797.58
33,321.32
24,152.52

39,676.36
39,037.95
49,977.18
48,777.81
33,083.79

26.48%
29.80%
26.37%
31.69%
27.00%

Nevertheless, there was a considerable difference between the average income of HISPs
and WNHs in higher-paying construction jobs as well. For example, in 2015, the average income
of HISPs as first-line supervisors was $46,466.82, while the average income for WNHs in the same
job was $65,258.84, indicating a wage gap equal to 28.80%.
In addition to the type of work, work experience is another important factor influencing
the average income of an individual. Although work experience was not an available variable, the
researcher tried to investigate if there is a considerable difference between the average age of
HISPs and WNHs in construction professions, as a possible indication of lower work experience
for HISP workers. The data indicate that HISP workers in construction jobs were, on average, 4.91
years younger than WNH workers in 2015 (6.42 in 2007 and 5.21 in 2011). Therefore, it is possible
that they also had fewer years of work experience. Although there was a decrease in the difference
between the average age of HISPs and WNHs in construction jobs, the temporal changes of the
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wage gap do not show signs of improvement. Regarding the hours of work per week, there was
not a considerable difference between HISPs and WNHs. Therefore, this variable might not have
a considerable impact on the wage gap either.
Moreover, based on the data, it should be considered that almost 50% of the HISP workers
in construction occupations do not have high school diplomas (or GEDs), whereas the share of
WNH workers without high school diplomas is around only 10%. The researcher believes that the
low educational level of the HISPs in construction jobs prevents them from getting good pay or
working in higher-paying construction jobs. Therefore, considering that there was not a
considerable improvement in the educational attainment of HISPs during the sample years, the
wage gap also did not decline. More analysis of the ethnic wage gap controlling for education level
is discussed in Chapter 5.
Another study investigated the wage differentials between HISPs and WNHs in the
construction industry, and it was found out that HISPs earn a lower hourly wage than WNHs,
controlling for experience, occupation, education, and geographical location (Goodrum, 2004). It
was also reported in another study that there has been stability in the wage gap between HISPs and
WNHs even when the education, experience, and geographic location were controlled (Mora &
Dávila, 2018). The consistency of the findings of this study and the previous studies, suggests that
a more in-depth analysis is essential to find the root causes of the wage gap between HISPs and
WNHs in the construction industry, before it adversely impacts the real wages in the construction
industry, and more importantly the current diversity level in this industry.
A&E Occupations
There has been a decrease in the wage gap between HISPs and WNHs in A&E occupations
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based on the sample years. Determining the possible factors leading to this decline can be useful
to investigate what changes in workforce characteristics help to close the wage gap. Data indicates
that there has been some improvement in the educational attainment of the HISP employees in
A&E occupations. Figure 22 portrays the educational attainment of HISPs in the A&E occupations
for the sample years.
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Figure 22. Educational Attainment of HISPs in A&E Occupations- 60 MSAs

Additionally, it should be noted that the average income of HISPs with higher educations
is also higher than the average income of HISPs with lower educations. Therefore, the
improvement in the share of highly-educated HISPs who also had higher income possibly led to
the decline of the wage gap. A more in-depth analysis of the HISPs to WNHs wage gap is provided
in Chapter 5. It can be concluded that the improvement in the educational level of HISPs and the
good performance of the A&E industry is possibly leading to narrowing down the wage gap. It is
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suggested to analyze newer sample years, upon their availability, to ensure the wage gap continues
to decline.
Wage Gap between AAs and WNHs in A&E, Construction and non-AEC Occupations
The wage gap between AAs and WNHs in different occupation groups is shown in Figure
23. The wage gap between AAs and WNHs has undergone the same pattern of change in all
occupation groups. The wage gap in A&E, construction, and non-AEC professions decreased from
2007 to 2011 and increased from 2011 to 2015.
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Figure 23. Wage Gap Between AAs and WNHs in Different Occupations

As can be observed in Figure 12, the wage gap between AAs and WNHs decreased from
36.14% in 2007 to 32.71% in 2011 (3.43% of decrease) in non-AEC occupations. Similarly, the
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wage gap decreased from 19.11% in 2007 to 15.01% in 2011 (a decrease of 4.10%) in construction
occupations, and decreased at a higher pace in A&E occupations from 22.70% in 2011 to 10.50%
in 2015 (a decrease of 12.20%). Unfortunately, the wage gap increased during the recovery period.
The mentioned gap increased by 3.88%, 7.22%, and 6.32% in non-AEC, construction, and A&E
occupations, respectively, from 2011 to 2015. Therefore, the wage gap in construction and nonAEC occupations in 2015 was 3.12%, and 0.45% higher than it was in 2007. However, the wage
gap in A&E occupations in 2015 was 5.88%, which is lower than it was in 2007 (22.70%).
Discussion on the Wage Gap between AA and WNH in the AEC Occupation
Construction Occupations
A decline was observed in the racial wage gap between AAs and WNHs in the construction
occupations during the Recession and an increase was observed in the gap during the recovery
period. Data shows improvement in the educational attainment of AAs in the sample years (Figure
24). Therefore, although the decline in the wage gap can partly be attributed to the improvement
of the education level of AAs, it cannot justify the increase in the wage gap. More in-depth analysis
of the wage gap controlling for education level is discussed in Chapter 5. Besides, data did not
show a considerable change in the difference between average weekly working hours of AAs and
WNHs, nor was there a difference in their average ages to justify the increase in the wage gap.

104

Share (Percentage)

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
2007
2011
2015

High school/ Below
High school
68.32%
62.47%
59.55%

Some College
26.82%
31.76%
35.03%

Bachelor/Above
Bachelor
4.86%
5.06%
5.16%

Figure 24. Educational Attainment of AAs in Construction Occupations – 60 MSAs

Furthermore, while analyzing the wage gap, it is essential to investigate if the decrease in
the wage gap is because the underrepresented groups (AAs) were getting paid higher than before,
and comparable income to the dominant group (WNH), or if it is because of the decrease in the
average income of the dominant groups (WNHs), which is narrowing down the wage gap. Data
(from Figure 20) indicates that while there was a decrease of 4.2% in the average income of WNHs
from 2007 to 2011, there was not a decrease in the average income of AAs; therefore, the wage
gap narrowed down. However, during the recovery time, while AAs underwent a 7% decrease in
their average wages, WNHs had a 1.6% increase in their income. The possible reasons for these
changes were not clear. However, the researcher believes that during the economic recession,
higher-income groups (here WNHs) are more susceptible to face larger decreases in their salaries,
whereas there was not much room to decrease the salaries of the lower-income group (here AAs)
because they were already getting paid the least possible for their work. Therefore, a decrease in
the AA-WNH wage gap was observed. however, it could be misinterpreted as an improvement in
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the racial wage gap, which in reality is not an improvement.
A&E Occupations
As discussed earlier, similar to the construction jobs, there was a decline in the wage gap
between AAs and WNHs during the Recession and an increase in the wage gap during the recovery
period in A&E occupations. Considering the education level of AAs in the sample years, there has
been some improvement in the share of AAs with Bachelor and above Bachelor’s degrees both
during the Recession and recovery time (Figure 25). The average income of AAs in A&E
occupations increased by 12% from 2007 to 2011 (from $ 55,648.50 in 2007 to $ 62,405.78 in
2011). A higher share of highly educated AAs working in higher-paying jobs could be one factor
in declining the racial wage gap. Moreover, a slight decrease was observed (3.21%) in the average
income of WNHs during the Recession (from $72,037.83 in 2007 to $ 69,724.36 in 2011). Hence,
the combination of the higher average income of AAs, possibly because of the improvement in
their education levels, in addition to the decrease in the average income of WNHs, possibly due to
the economic downturn, led to narrowing down the wage gap between AAs and WNHs during the
Recession. The researcher speculates that higher educations for the underrepresented groups might
make them less vulnerable to the adverse impacts of future economic downturns as well.
Although the improvement in the education level of AAs from 2007 to 2011 can partly
explain the decrease in the racial wage gap, it cannot justify the increase in the wage gap during
the recovery time from 2011 to 2015. In other words, while AAs continued improving their
educational levels from 2007 to 2015, a continuous decline in the racial wage gap was expected as
well. However, that was not the case. More in-depth analysis of the wage gap between AAs and
WNHs controlling for education level is discussed in Chapter 5.
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Figure 25. Educational Attainment of AAs in A&E Occupations

During the recovery time, AAs faced a 4.91% decrease (from $ 62,405.87 in 2011 to
$ 59,343.49 in 2015) in their average income, while WNHs had an increase of 2.32% ($ 69,724.36
in 2011 to $ 71,341.00 in 2015) in their average income. Therefore, the racial wage gap widened
during the recovery time. None of the available factors impacting average income, such as the
hours of work for AAs and WNHs, or and the average age of AAs and WNHs during 2011 and
2015, explained the changes in the average income because the differences were not considerable
(no difference between the average ages of AAs and WNHs, and less than one-hour difference in
the total weekly hours of work between AAs and WNHs in 2015).
4.2.3. Inferential Analysis of The Racial/Ethnic Wage Differences in the AEC Occupations
In this study the researcher tried to answer the following research question:
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- Is there a significant difference between the average income of Hispanics and White-nonHispanics, African Americans and White-non-Hispanics, and African Americans and
Hispanics in the AEC occupations?
To answer the research question, an independent t-test was performed. In the analysis, the
null hypothesis was tested at 0.05 significance level. Therefore, if the calculated p-value (sig.)
from the t-test is smaller than 0.05, the null hypothesis is rejected; otherwise, the test fails to reject
the null hypothesis.
To answer this question, the null hypotheses were set as the following:
a) There is no significant difference between the average income of HISPs and WNHs
in A&E occupations in 2007, 2011 and, 2015.
b) There is no significant difference between the average income of HISPs and WNHs
in construction occupations in 2007, 2011 and, 2015.
c) There is no significant difference between the average income of AAs and WNHs
in A&E occupations in 2007, 2011 and, 2015.
d) There is no significant difference between the average income of AAs and WNHs
in construction occupations in 2007, 2011 and, 2015.
e) There is no significant difference between the average income of HISPs and AAs
in A&E occupations in 2007, 2011 and, 2015.
f) There is no significant difference between the average income of HISPs and AAs
in construction occupations in 2007, 2011 and, 2015.
Accordingly, the alternative hypotheses are:
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a) There is a significant difference between the average income of HISPs and WNHs
in A&E occupations in 2007, 2011 and, 2015.
b) There is a significant difference between the average income of HISPs and WNHs
in construction occupations in 2007, 2011 and, 2015.
c) There is a significant difference between the average income of AAs and WNHs in
A&E occupations in 2007, 2011 and, 2015.
d) There is a significant difference between the average income of AAs and WNHs in
construction occupations in 2007, 2011 and, 2015.
e) There is a significant difference between the average income of HISPs and AAs in
A&E occupations in 2007, 2011 and, 2015.
f) There is a significant difference between the average income of HISPs and AAs in
construction occupations in 2007, 2011 and, 2015.
Inferential Analysis for A&E Occupations
Hispanics and White non-Hispanics in A&E Occupations
The results of the independent t-test in A&E occupations for the difference between the
average income of HISPs and WNHs in A&E occupations are summarized in Table 20.
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Table 20. Statistical Analysis Results of Difference Between Income of HISPs and WNHs in
A&E Occupations *
WNHs in A&E
HISPs in A&E
Independent Sample t-test
Income
Income
N
STD
N
STD
t
p-value <0.05
(Mean)
(Mean)
2007 5421 73,735.18 50856.23 692 55,501.88 28005.88 1.96
0.000
Sig.
2011 4645 76,842.39 51243.19 618 59,460.19 33588.85 1.96
0.000
Sig.
2015 5033 83,788.12 61428.03 746 70,366.49 57607.49 1.96
0.000
Sig.
*Note: Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table A.

Based on the p-values in Table 20, there was a significant difference between the average
incomes of HISPs and WNHs in A&E occupations before, during, and after the Recession. This
means that, in general, HISP employees in A&E occupations earn significantly different from their
WNHs counterparts. Although a decline in the wage gap between HISPs and WNHs in A&E
occupations (analysis from Figure 21) was observed, the difference between the average incomes
of HISPs and WNHs in A&E occupations is still significant, which indicates a further
improvement in closing the wage gap is required. This can be achieved by continuous
improvement in the educational levels of HISPs in the A&E industry, and the support of industry
leaders as well.
African Americans and White non-Hispanics in A&E Occupations
The results of the independent t-test in A&E occupations for the difference between the
average income of AAs and WNHs in A&E occupations in summarized in Table 21.
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Table 21. Statistical Analysis Results of Difference Between Income of AAs and WNHs in
A&E Occupations *
WNHs in A&E
AAs in A&E
Independent Sample t-test
Income
Income
N
STD
N
STD
t
p-value <0.05
(Mean)
(Mean)
2007 5421 73,735.18 50856.23 358 59,617.60 38041.28
1.97
0.000
Sig.
2011 4645 76,842.39 51243.19 342 65,143.86 48156.87
1.96
0.000
Sig.
2015 5033 83,788.12 61428.03 380 68,532.89 48956.64
1.96
0.000
Sig.
*Note: All results are the same based on adjusted p-value with Bonferroni and Holm method. More
information is provided in Appendix V, Table A.

Based on the p-values in Table 21, there was a significant difference between the average
income of AAs and WNHs in A&E occupations in all sample years. Although there was a decline
in the wage gap from 2007 to 2011, the difference between the average incomes of HISPs and
WNHs was still significant in 2011. In conclusion, AA employees in A&E occupations earn
significantly different from their WNH counterparts, similar to HISPs who also earn significantly
different from WNH employees in A&E professions.
Inferential Analysis for Construction Occupations
Hispanics and White non-Hispanics in Construction Occupations
The result for the independent t-test between the average income of HISPs and WNHs in
construction occupations is summarized in Table 22.
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Table 22. Statistical Analysis Results of Difference Between Income of HISPs and WNHs in
Construction Occupations *
WNHs in Construction
N

Income
(Mean)

STD

HISPs in Construction
N

Income
(Mean)

STD

Independent Sample ttest
t

p-value

<0.05

0.000
1.96
Sig.
0.000
1.96
Sig.
0.000
1.96
Sig.
*Note: All results are the same based on adjusted p-value with Bonferroni and Holm method. More
information is provided in Appendix V, Table B.
2007 14603
49,825.72
34717.15 9477 31,936.02
2011 10966 50,834.634 35852.71 6891 31,586.79
2015 12531 54,984.74184 41450.95 9036 35,530.77

21390.58
22490.77
27089.26

Based on the p-values in Table 22, there was a significant difference between the average
income of HISPs and WNHs in construction occupations in all sample years. It was discussed
earlier, in the temporal analysis of the wage gap between HISPs and WNHs in construction
occupations, that HISPs earned almost two-thirds as much as their WNH counterparts (Figure 22),
and there was not an improvement in the wage gap either. Therefore, not only was the wage gap
considerably high in all sample years, it was also significant in all sample years.
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African American and White non-Hispanics in Construction Occupations
The results of the independent t-test for the difference between the average income of AAs and
WNHs in construction occupations are summarized in Table 23.

Table 23. Statistical Analysis Results of Difference Between Income of AAs and WNHs in
Construction Occupations *
WNHs in Construction
N
2007
2011
2015

14603
10966
12531

Income
(Mean)
49,825.72
50,834.63
54,984.74

STD

AAs in Construction
N

34717.15 1584
35852.71 1395
41450.95 9036

Income
(Mean)
39,747.79
42,113.76
35530.77

Independent Sample t-test

STD

t

p-value

<0.05

26016.95
33624.94
27089.26

1.97
1.97
1.96

0.000
0.000
0.000

Sig.
Sig.
Sig.

*Note: All results are the same based on adjusted p-value with Bonferroni and Holm method. More
information is provided in Appendix V, Table B.

The calculated p-values in all sample years are less than 0.05, indicating there was a
significant difference between the average income of AAs and WNHs in construction occupations
in all sample years. Therefore, although there was a decrease in the racial wage gap between AAs
and WNHs in construction jobs from 2007 to 2011 (Figure 23), the difference between the average
income of AAs and WNHs was still significant in 2011.
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4.3. Temporal Analysis – Gender
The temporal analysis starts with comparing the share of women and men in different
occupation groups to study to what extent women improved their participation in the sample years.
After that, the temporal changes in the gender wage gap in different occupations (A&E,
construction, and non-AEC) are discussed. Finally, the inferential analysis of the wage difference
between women and men in A&E and construction occupations is provided.
4.3.1. Gender Composition of the AEC Workforce and Simpson’s Diversity Index by
Gender
The results of the data indicate that gender distribution in different occupations varies
considerably. The gender composition in different occupation groups is summarized in Figure 26.
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Figure 26. Gender Distribution in Different Occupations
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Looking at the share of women in the population of the whole workforce, it can be seen
that female employees had almost equal share as men employees had, and there is not a
considerable difference between the share of male workers and female workers in all jobs.
However, this equal gender distribution does not apply to A&E and construction occupations. The
most unequal gender distribution belongs to construction occupations, in which women only
comprised 2.48% in 2007, and 2.55% and 2.82% in 2011 and 2015, respectively. Therefore,
construction occupations are mainly dominated by male workers. The share of women in A&E
occupations is almost eight times more than their share in construction occupations (16.51% in
A&E in 2007, and 18.2% and 18.62% in 2011 and 2015, respectively). Even though gender
composition is more equally dispersed in A&E compared to construction occupations, women still
comprise less than 20% of all A&E occupations. Although the share of women has slightly
increased in both A&E and construction occupations, women were still substantially
underrepresented in the most recent sample year.
Simpson’s Diversity Index by Gender
The Simpson's Diversity Index (SDI) for A&E, construction, and workforce population
was calculated considering two gender groups (women and men). The results for the sample years
are summarized in Figure 27.
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Figure 27. Simpson’s Diversity Index by Gender

The maximum SDI considering the two groups is equal to 0.5. It can be noted from Figure
25, that the SDI values for the population in all sample years are very close to 0.5, indicating the
population of all of the workforce is diverse enough. However, the SDI index in both A&E
occupations and construction denotes that gender diversity has been low, and especially a problem
in the construction jobs. Although there has been some slight improvement in the share of women
in A&E occupations (from Figure 25), the improvement pace has not been enough to catch up to
the level of gender diversity in all occupations and needs further improvement. The SDI in
construction jobs is considerably lower than in A&E jobs, and it requires much more effort for
improvement.
4.3.2. Temporal Analysis of the Gender Wage Gap in A&E, Construction and non-AEC
Occupations
Similar to underrepresented minorities, the indication of the underrepresentation of women
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in the AEC occupations can be partly discussed by their lower share compared to their male
counterparts. However, in addition to the low share of women in the AEC occupations, it is
essential to study the gender wage gap in A&E and construction occupations, as well as non-AEC
jobs, to comprehend the gender wage gap status in the AEC jobs, and how it differs from nonAEC jobs. Figure 28 illustrates the average income of women and men in different occupations
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Figure 28. The Average Income of Women and Men in Different Occupations
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It can be observed from Figure 29 that the average income of women in construction
professions is lower than their average income in both A&E and non-AEC occupations in all
sample years. However, it is also vital to investigate the gender wage gap in the occupation groups
of this study including A&E, construction, and non-AEC occupations. The gender wage gaps in
different job groups were calculated and plotted in Figure 29.
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Figure 29. Gender Wage Gap in Different Occupations

Figure 30 indicates that the gender wage gap was the highest in non-AEC occupations in
all sample years, and it also slightly increased. It increased by 2.66% from 2007 to 2011 and by
0.04% from 2011 to 2015. The gender wage gap was the lowest in construction occupations and
the highest in A&E occupations in all sample years. Although the gender wage gap for construction
occupations was substantially lower than A&E, it can further decrease construction’s
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attractiveness to women because of all of the other barriers they face in the industry, as discussed
in the literature.
Gender Wage Gap in The Construction Occupations
The gender wage gap in construction occupations in 2007 was -1.02%, indicating women
were earning 1.02% more than men. However, the mentioned gap increased during the recession
from -1.02% in 2007 to 7.91% in 2011 (an increase equal to 8.93%) and decreased during the
recovery time from 7.91% in 2011 to 2.13% in 2015 (a decrease equal to 5.78%).
Women in the construction occupations were more educated than men in all sample years,
and they also improved their educational attainment from 2007 to 2015 (Figure 30). However, the
gender wage gap did not continuously decline, and it widened during the Recession. It should be
considered that the educational level is not the only factor impacting the gender wage gap.
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Figure 30. Educational Level of Women and Men in Construction Occupations- 60 MSAs
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Another possible explanation for the increase in the gender wage gap could be the lower
working hours of women in 2011 than men’s working hours. As can be seen in Figure 31, in 2011,
women worked on average 2.68 hours less than men per week. This might be one of the reasons
for the increase in the gender wage gap between women and men. Likewise, the gender wage gap
decreased from 2011 to 2015, possibly due to the increase in the average working hours of women
in 2015 (less difference between the weekly working hours of men and women). Previously, it was
discovered that women are under-employed in construction jobs and, therefore, work fewer hours
than their male counterparts, while they are available and willing work (Rosa, Hon, Xia, & Lamari,
2017). While it is not clear if this is the reason for lower working hours of women during the
Recession, it may explain why they had fewer working hours than men and got paid less in 2011.
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Figure 31. Difference Between Avergae Weekly Working Hours of Women and Men in the
Construction Occupations-60 MSAs
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Gender Wage Gap in the A&E Occupations
As mentioned, the gender wage gap in A&E occupations was higher than construction jobs
in all sample years, and there was not a considerable decrease in the gender wage gap in A&E
occupations. The gap decreased from 22.13% in 2007 to 18.03% (a decrease equal to 4.1%) in
2011 and slightly increased from 18.03% in 2011 to 18.94% in 2015. The gender wage gap is
considerably high in A&E occupations and did not change a lot during the sample years. Data
indicates that women in A&E jobs are more educated than men. Women had a higher share of
Bachelor's and above Bachelor’s degrees than men in all sample years. Therefore, the lower
education of women cannot be the reason for such a high gender wage gap.
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Figure 32. Education Level of Women and Men in A&E Occupations- 60 MSAs
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However, data also indicate that women worked on average 2.5 hours less than men per
week (1.67 hours less in 2007 and 2.5 less in 2011 and 2015). This can justify part of the gender
wage gap. Additionally, women in A&E were also younger than men, (3.5 years younger than men
in 2007, 2.7 and 3.6 years younger in 2011 and 2015, respectively). Therefore, women possibly
had less work experience than men. This can also probably justify part of the gender wage gap in
A&E occupations.
It can be concluded that construction occupations are a double-edged sword for women.
That is, although the gender wage gap was lower in the construction occupations than A&E, the
average income of women in construction jobs is also lower than A&E jobs. Additionally, it should
be noted that the gender wage gap is usually high among top earners (Goodwin-White, 2018).
Therefore, based on the results of this research, the gender wage gap is higher in A&E occupations,
which are well-paying jobs, in comparison to construction jobs, which are lower-paying
occupations for both women and men.
4.3.3. Inferential Analysis of The Gender Wage Differences in the AEC Occupations
In this study the researcher tried to answer the following research question:
- Is there a significant difference between the average income of women and men in the AEC
occupations without controlling the workforce education?
To answer this research question, an independent t-test was performed. In the analysis, the
null hypothesis was tested at 0.05 significance level. Therefore, if the calculated p-value from the
t-test is smaller than 0.05, the null hypothesis is rejected; otherwise, the test fails to reject the null
hypothesis.

122

To answer this question, the null hypotheses were set as the following:
a) There is no difference between the average income of women and men in A&E
occupations in 2007, 2011, and 2015.
b) There is no difference between the average income of women and men in
construction occupations in 2007, 2011, and 2015.
Accordingly, the alternative hypotheses are:
a) There is a difference between the average income of women and men in A&E
occupations in 2007, 2011, and 2015.
b) There is a difference between the average income of women and men in
construction occupations in 2007, 2011, and 2015.
Bonferroni and Holm-Bonferroni are not required to adjust p-values for gender analysis in
this section because only two groups (females and males) are compared.
Inferential Analysis for A&E Occupations
The results of the independent t-test for the difference between the average income of
women and men in A&E occupations are summarized in Table 24.
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Table 24. Statistical Analysis Results of Difference Between Income of Women and Men in
A&E Occupations
Men in A&E
N

Income

Women in A&E
N

Income

t

p-value

<0.05

2007 6006 73,477.87 50206.05 1188 56,566.84 30826.82

1.96

0.000

Sig.

2011 5219 76,834.26 51228.17 1161 61,171.40 40310.79

1.96

0.000

Sig.

2015 5683 84,931.62 62967.35 1300 67,518.62

1.96

0.000

Sig.

(Mean)

STD

(Mean)

STD

Independent Sample ttest

44285.1

Based on the p-values in Table 24, there was a significant difference between the average
incomes of women and men in A&E occupations in all sample years. This means that in general,
female employees in A&E occupations earn significantly different from their male counterparts.
It was discussed earlier that the gender wage gap in A&E is not because women are less educated
than men. However, data indicates that women in A&E were younger, and also worked fewer
hours per week than men. It is possible that the gender wage gap would be lower if these factors
could be controlled.
Inferential Analysis for Construction Occupations
The results of the independent t-test in construction occupation for the difference between
the average incomes of women and men are summarized in Table 25.
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Table 25. Statistical Analysis Results of Difference Between Income of Women and Men in
Construction Occupations
Men in A&E
N

Income

Women in A&E
N

Income

p-value

<0.05

2007 25646 42,620.48 31172.94 652 41,699.23 32100.32 1.65

0.469

Not.

2011 19285

43398.08

32708.61 485

38685.57

29183.45 1.65

0.001

Sig.

2015 23031

46632.36

36607.24 668

45416.47

43983.92 1.65

0.480

Not.

(Mean)

STD

(Mean)

STD

Independent Sample ttest
t

Based on the p-values in Table 25, although there was a difference between the average
incomes of women and men in construction occupations in 2007 and 2015, the difference was not
significant. However, during the Recession time in 2011, there was a significant difference
between the average income of women and men in construction occupations. As mentioned earlier
there was a decrease in the average working hours of women in 2011. Previous studies argued that
many women in the construction industry work fewer hours, and are under-employed while they
are willing to work (Rosa et al., 2017). Although it is not clear why women had to work fewer
hours in 2011, it might explain the widened gender wage gap during the Recession time.
4.4. Summary of Temporal Analysis
This chapter aimed to investigate the status of WUMs’ share, as well as the gender and
racial/ethnic wage gaps and differences in the AEC occupations during the sample years.
Independent sample t-tests were conducted to identify the statistically significant differences
between the average income of minorities and WNHs, and between women and men. Simpson’s
Diversity Index (SDI) was used to measure gender and racial/ethnic diversity in both A&E and
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construction occupations and their changes over time. The distribution of WUMs, as well as gender
and racial/ethnic diversity of the AEC workforce, are summarized as follows:
Racial/Ethnic Analysis:
Diversity
-

A&E Occupations: Both underrepresented minority groups (African Americans and
Hispanics) have been underrepresented in A&E occupations. However, there has been a
slight improvement in their share in A&E jobs. Therefore, the SDI also increased very
slightly from 0.410 in 2007 to 0.452 in 2015. Nevertheless, A&E occupations have been
considerably less diverse than the general population of the workforce (SDI =0.559 in 2015),
as well as construction occupations (SDI=0.570 in 2015).

-

Construction Occupations: While African Americans have been underrepresented in
construction occupations, their Hispanic counterparts have been overrepresented in
construction jobs. Moreover, both underrepresented minority groups have higher shares in
construction than A&E jobs. Therefore, the SDI also supported that construction occupations
are more racially/ethnically diverse than A&E jobs. Interestingly, construction occupations
have been even more racially/ethnically diverse than the general population of the workforce
(SDI=0.570 for construction vs SDI=0.559 for the population in 2015).

Wage Gaps and Differences
The racial/ethnic wage gaps (both HISP to WNH, and AA to WNH) in the A&E were lower
than in construction jobs. The key points are summarized as followings:
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-

A&E Occupations:
1. The wage gap between HISPs and WNHs in the A&E decreased during the sample years.
However, the HISP-WNH wage differences were still significant despite the decline in
HISP-WNH wage gap (the wage differences were significant in all sample years).
2. Contrary to HISPs, there was an increase in the AA-WNH wage gap in the A&E jobs from
2011 to 2015. Additionally, the wage differences were statistically significant in all sample
years.

-

Construction Occupations:
1. The HISP-WNH wage gap was steady and considerably high (around 35%) in all sample
years. The wage differences were also statistically significant for the sample years.
2. Similar to the AAs in A&E occupations, the AA-WNH wage gap had an increase in
construction jobs (according to the latest increase during the recovery time from 2011 to
2015) and wage differences were significant during all sample years.

Gender Analysis:
Diversity
Women have been underrepresented in both A&E and construction occupations, but they
have been even more underrepresented in construction compared to the A&E occupations.
Although there has been some slight improvement in the share of women in the A&E occupations,
their improvement in construction jobs has been scant. The SDI also indicated that gender diversity
is the lowest in construction jobs, and it has been higher in the A&E jobs. Nevertheless, gender
diversity in the A&E jobs is almost half compared to the general workforce population.
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Wage Gaps and Differences
The gender wage gap in the A&E occupations was higher than in construction jobs
(contrary to minorities). Although the gender wage gaps in construction occupations were
considerably lower than A&E jobs, it should be noted that the gender wage gap is usually lower
in low-paying jobs, and it is higher for high-paying jobs, based on the literature (Goodwin-White,
2018). Considering that construction jobs are considerably lower-paying jobs than A&E, it was
expected to find a lower gender wage gap in construction jobs, too. Although the gender wage
differences were not significant before the Recession and during the recovery period, they turned
out to be significant during the recession time, indicating that women were more adversely
impacted by the economic downturn. The results of this chapter can help the industry to better
understand the status of gender and racial/ethnic wage gaps and their changes over time. The
findings can help industry experts to pay attention to significant racial/ethnic wage differences for
both A&E and construction jobs and the higher racial/ethnic wage gaps in construction occupations
than A&E. Moreover, the increase in the AA-WNH wage gap in AEC jobs is another point that
requires the industry's attention.
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Chapter 5.

Education Level Analysis for Wage Gaps and Difference of the AEC

Workforce by Gender and Race/Ethnicity
5.1. Introduction
The purpose of this chapter is to investigate the racial/ethnic and gender wage gap in the
AEC workforce controlling for the education level of gender and underrepresented minority
groups. The researcher found, in the previous chapter, that there exist racial/ethnic and gender
wage gaps in the AEC workforce. Therefore, the researcher wanted to test if there is a racial/ethnic
and gender wage gap if the education level is considered as a controlling factor, and if the wage
gaps were equal, lower, or higher in some education levels. In addition, how the wage gap within
each education level has changed during the sample years is discussed. Furthermore, the average
income of each gender and ethnic group of a lower education level is compared with the same
gender and ethnic groups with a higher education level. This is mainly to find out if getting a higher
degree helps all of the gender and racial/ethnic groups with a higher income, or if some groups
will not favor a higher income although they have invested in getting higher degrees. This study
can help the industry to better understand the extent of the wage gap at each education level and
take action to decrease the wage gaps at the education levels with higher wage discrepancies.
Furthermore, the results of this study can help the education sector to further motivate underrepresented groups to continue their educations, not only to establish higher incomes but also to
enhance the productivity and quality of projects with more knowledge and skills they acquire
through pursuing education.
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This chapter aimed to answer the following research questions:
1- Is there a gender and racial/ethnic wage gap among the AEC workforce with the same
educational attainment?
a. If there is such a gap, how has it changed through the sample years?
b. Is there a significant difference in the average income of the AEC workers by
gender and race/ethnicity with the same educational attainment?
2- Does a higher education level bring a different income for all gender and race/ethnic groups
in the AEC workforce?
5.2. Education Level Analysis Based on Race/Ethnicity – Wage gaps and Differences
Controlling for Education Level
This part of the study investigates the wage gap and wage gaps between HISPs and WNHs,
and between AAs and WNHs in A&E and construction occupations at different education levels.
5.2.1. The Racial/Ethnic wage gap and Wage Differences in the A&E Occupations with The
Same Educational Attainment
Figures 33 to 35 exhibit the average income of HISPs, AAs, and WNHs at each education
level in A&E occupations for the sample years. The values for the average income for the years
2011 and 2015 are adjusted relative to the dollar value in 2007.
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Figure 33. Average Income in A&E Occupations by Race/Ethnicity and Education in 2007
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Figure 34. Adjusted Average Income in A&E Occupations by Race/ Ethnicity and
Education in 2011
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Figure 35. Adjusted Average Income in A&E Occupations by Race/ Ethnicity and
Education in 2015

Temporal Analysis of The Wage Gaps and Differences in A&E Occupations – Hispanics vs
White non-Hispanics
The temporal changes in the wage gap between HISPs and WNHs in A&E occupations,
while controlling for education level, was calculated using the average income of HISPs and
WNHs at each education group for the sample years from Figures 34 to 36.
Based on the average income values from Figures 33 to 35, the wage gap at each education
level, the temporal changes in the wage gaps between HISPs and WNHs, and between AAs and
WNHs were plotted. Figure 36 portrays the wage gap between HISPs and WNHs in A&E
professions.
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Figure 36. The Wage Gap Between HISPs and WNHs in A&E Occupations by Education

It can be observed from Figure 37 that in 2007, the highest wage gap was among “above
bachelor” groups meaning that HISPs with “above bachelor” degrees earned 19.33% less than
WNHs with the same education levels. The wage gap was lower at “bachelor” and the lowest for
“below bachelor” groups. Although there was not much improvement in reducing the wage gap
for “bachelor” and “above bachelor” groups from 2007 to 2011, the wage gap between HISPs and
WNHs with “below bachelor” degrees decreased from 13.34% in 2007 to 8.44% in 2011.
Nevertheless, there was a decrease in the wage gap for all education groups from 2011 to 2015.
Therefore, in 2015, the wage gap was the lowest among highly educated employees with above
Bachelor’s degrees and the highest between HISPs and WNHs with Bachelor’s degrees.
The researcher tried to determine the possible reasons for the continuous decline in the
wage gap between HISPs and WNHs with “below bachelor” degrees. However, potential reasons

133

like the average age of HISPs and their weekly working hours did not change considerably during
the sample years to partly explain the decrease in the wage gap.
There was a considerable decrease in the wage gap at the “above bachelor” group raising
the question of how it happened. The data indicated that there was a decline in the difference
between the average weekly working hours of HISPs and WNHs with “above bachelor” degrees.
The difference in weekly working hours diminished from three hours in 2007 to one hour in 2015.
The researcher speculates that the decrease between the average weekly working hours of HISPs
and WNHs with above Bachelor’s degrees can partly explain the decrease in the HISP-WNH wage
gap. It should be mentioned that this explanation seemed to be appropriate just for the “above
bachelor” group and the same variables (average age and working hours) failed to provide an
explanation for the wage gap for the “below bachelor” and “bachelor” groups.
Considering the status in the most recent sample year, it can be concluded that the wage
gap between HISPs and WNHs is not a concern for employees with above Bachelor’s degrees.
However, it should be mentioned that this low wage gap only applies to a small share of employees
since the share of HISPs with “above bachelor” degrees was only 15.88% in 2015, and was 17.15
% for WNHs. Whereas, the highest wage gap, which is among employees with “bachelor degrees”
applies to a bigger share of HISPs. In 2015, 34.65% of HISPs had a Bachelor’s education.
The study by the Economic Policy Institute (Mora & Dávila, 2018) revealed that the wage
gap is higher for college-educated Hispanic men than Hispanic men with lower educations (less
than high school, high school, and some college). Although this research analyzed Hispanics in
general, and not by gender, the findings from Figure 34 suggest that the wage gap was the highest
for the most educated HISPs in 2007 and 2011, but that was not the case in 2015. In 2015, the
lowest wage gap was among the most educated workforce. However, the wage gap was higher
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among HISPs with “bachelor” degrees than those with “below bachelor” degrees, which is
consistent with the findings of the Economic Policy Institute.
In addition to the temporal analysis, it is essential to find out whether there was a significant
difference between the average income of HISPs and WNHs at different education levels using
statistical methods. Table 26 summarizes the results of the t-test between the average incomes of
HISPs and WNHs in A&E occupations at different education levels.

Table 26. Statistical Analysis Results of Difference Between Average Income of HISPs and
WNH in A&E Occupations by Education Level
WNH

HISP
Below Bachelor
Income
N
(Mean)

N

Income
(Mean)

STD

2007

5627

50,703.31

27,733.65

508

2011

3779

54,990.55

30,062.68

2015

4329

61,625.02

33,406.81

Independent Sample t-test

STD

t

p-value

<0.05

44,322.64

22,422.13

1.96

0.000

Sig.

334

52,541.92

28,615.58

1.97

0.136

Not

464

58,805.82

48,129.74

1.96

0.219

Not

STD

t

p-value

<0.05

Bachelor
Income
N
(Mean)

N

Income
(Mean)

STD

2007

4097

74,852.77

51,174.52

301

64,021.26

29,224.93

1.97

0.000

Sig

2011

2951

76,178.14

46,800.09

194

67,880.41

46,800.09

1.97

0.001

Sig.

2015

3717

88,255.39

60,767.67

325

78,647.69

52,329.55

1.97

0.002

Sig

STD

t

p-value

<0.05

Above Bachelor
Income
N
(Mean)

N

Income
(Mean)

STD

2007

1732

86,995.21

56,832.20

112

69,612.50

39,272.97

1.98

0.000

Sig

2011*

1204

89,946.43

60,230.58

82

77,893.90

39,301.78

1.98

0.011

Sig.

2015

1666

101,797.96

74,116.05

149

97,377.85

71,326.11

1.97

0.485

Not

* Not Significant based on Bonferroni p-value (0.008). More information is provided in Appendix
V, Table. C
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The calculated p-values from Table 26 indicate that, although there was a significant
difference between the average incomes of WNHs and HISPs with “below bachelor” degrees in
2007, there was no significant difference between their incomes in 2011 and 2015. Considering
the decline in the wage gap for the “below bachelor” group from Figure 34, along with the results
of the independent t-test from Table 26, it can be said that the decrease in the wage gap between
HISPs and WNHs with “below bachelor” degrees across sample years (from 13.34% in 2007 to
8.44% in 2011 and to 1.97% in 2015) was adequate to change the “significant difference” in 2007
to a “no significant difference” in 2011 and 2015.
Based on the p-values for HISPs and WNHs with “bachelor” degrees, there was a
significant difference between the average incomes of HISPs and WNHs with “bachelors” degrees
in all sample years. Although the HISP-WNH wage gap for “bachelor” groups declined from 2011
to 2015, there was still a significant difference between the average incomes of HISPs and WNHs
with “bachelor” degrees in 2015.
The most educated HISPs (those with above bachelor degrees) earned significantly
different from their WNH counterparts with “above bachelor” degrees in both 2007 and 2011 based
on t-test and Holm method. However, the adjusted p-value by Bonferroni indicates that there is no
significant difference between in 2011. Therefore, interpreting the result for HISP-WNH wage
difference at above Bachelor degree differs based on Bonferroni adjusted p-value. Nevertheless,
the Holm adjusted p-value indicates that the difference is significant. There was a considerable
decrease in the wage gap from 2011 to 2015, leading to the point when there was not a significant
difference between the most educated HISPs and WNHs A&E employees in 2015.
To sum up, the problem of the wage gap between HISPs and WNHs seems to come from
employees with Bachelor’s degrees. Considering that almost one-third of the HISPs in A&E
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occupations belong to this group, the industry needs to pay attention to determine the issues for
the lower pay of HISPs in order to mitigate the wage disparity. Previous scholars have argued that
U.S. employers devalue foreign educations, rather than educations obtained in the U.S. (Broyles
& Fenner, 2010). Therefore, although the place of education is not identified in the ACS, it could
be one of the reasons for the relatively high wage gap among HISPs with Bachelor’s degrees who
are probably immigrants to the U.S. with education certificates from their home countries.
Another suggestion for HISPs in A&E occupations is to strive for getting “above bachelor”
degrees to further enhance their incomes and narrow down the wage gap. Nevertheless, the
researcher believes that the industry should seek the root causes of the high wage gap among HISPs
with Bachelor’s degrees, considering the expenses of getting “above bachelor” degrees in the U.S.
Besides, the higher wage gap for more educated HISPs (those with Bachelor’s degrees) than the
wage gap for less-educated HISPs (below Bachelor’s degrees) is inconsistent with previous studies
(Mora & Dávila, 2018). This higher wage gap for more educated HISPs can adversely impact the
efforts of scholars and educational experts who have been trying to improve the retention and
recruitment of underrepresented groups at colleges and universities (ACE Mentor Program, 2018;
Ohland, Lord, & Layton, 2015).
Temporal Analysis of The Wage Gaps and Differences in A&E Occupations – African
Americans vs White non-Hispanics
The temporal analysis of the wage gap between AAs and WNHs in A&E occupations,
controlling for education level, was conducted using the average income of AAs and WNHs at
each education group for the sample years (from Figures 33 to 35). Figure 37 describes the wage
gap between AAs and WNHs in three education groups, including “below bachelor”, “bachelor”,
and “above bachelor” workforce across sample years.
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Figure 37. The Wage Gap Between AA and WNHs in A&E Occupations by Education

It can be observed from Figure 36 that the highest wage gap between AAs and WNHs was
among “bachelor” groups in 2007, equal to 13.17%. However, there was a decrease in the wage
gap for the “bachelor” level from 13.17% in 2007 to 1.68% in 2011. Nevertheless, the wage gap
at the “bachelor” level again increased during the recovery period, and similar to 2007, in 2015
the highest wage gap was for the “bachelor” level. It would be interesting to know the possible
reasons for the decline in the wage gap between AAs and WNHs with Bachelor’s degrees in A&E
jobs during the Recession period. The researcher expected a considerable change in the working
hours of AAs or their average ages during the Recession. In other words, the researcher tried to
determine whether AAs had considerably higher weekly working hours, or if they were
considerably older than WNHs, probably with more work experience. However, these assumptions
were not justifiable with the data for average ages and working hours. Based on the average income
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of AAs and WNHs with the Bachelor’s degrees, while there was a decrease of 6% in the average
income of WNHs during the Recession, there was an increase of 6% in the average income of
AAs. Although it is not clear why this happened, higher pay for AAs and lower pay for WNHs in
2011 than 2007, led to narrowing down the wage gap for the “bachelor” group in A&E jobs. The
decline in the wage gap between AAs and WNHs with “bachelor” degrees did not continue later.
Therefore, in 2015, the wage gap was back to the highest level comparing to both “below bachelor”
and “above bachelor” groups. Again, the researcher was not able to justify this increase of the
wage gap by average age or hours of work. Nevertheless, the values of the average income indicate
that while there was an increase of 9.7% in the average of WNHs with “bachelor degrees,” there
was a decrease of 5.3% in the average income of the same group of AAs. Therefore, the wage gap
escalated during the recovery time.
The changes in the wage gap between AAs and WNHs with “below bachelor” degrees
showed a similar pattern to the “bachelor” level. There was a decrease in the wage gap during the
Recession from 2007 to 2011, and an increase during the recovery period, from 2011 to 2015.
Based on the average income of AAs and WNHs with “below bachelor” degrees, it is evident that
there was an increase in the average income of both AAs and WNHs with “below bachelor”
degrees from 2007 to 2011. However, there was an increase of 14.1% for AAs, whereas there was
only a 3.2% increase in the average income for WNHs. Although it is not clear why there was a
considerable increase in the average income of AAs with “below bachelor” degrees during the
Recession, that is the main reason for the decline in the wage gap among the “below bachelor”
group. Similar to the “bachelor” group, the decline in the wage gap did not continue during the
recovery time. Although it is not clear why it happened, the decrease of 8.3% in the average income
of AAs from 2011 to 2015, and an increase of 2.6% in the average income of WNHs, lead to an
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increase in the wage gap between AAs and WNHs with “below bachelor” degrees from 2011 to
2015.
The temporal direction of the wage gap for the highly educated workforce, “above
bachelor,” showed an exactly opposite direction in comparison to the “bachelor” and “below
bachelor groups.” In other words, the wage gap between AAs and WNHs with “above bachelor
degree” increased considerably (from 11.37% in 2007 to 18.46% in 2011) during the Recession
and decreased by a large amount (from 18.46% in 2011 to 7.95% in 2015) during the recovery
period. Therefore, the most educated AAs in A&E occupations got the hardest hit during the
Recession compared to their lower educated AA counterparts. The decrease in the wage gap for
highly-educated AAs during the recession was 9.3%, whereas WNHs underwent less than 1%
decrease in their average income. However, there was an improvement in the wage gap during the
recovery time from 18.46% in 2011 to 7.95% in 2015. Both AAs and WNHs with “above bachelor”
degrees had an increase in their average income during the recovery time, but the increase for AAs
was almost four times the increase for WNHs (17.9% for AAs and 4.4% for WNH). This higher
increasing rate in the average income of AAs led to a decline in the wage gap. The researcher was
not able to explain the higher rate of decrease in the wages for AAs during the Recession, nor the
higher rate of increase in the wages for AAs during recovery time.
Therefore, considering the latest sample year, it can be said that the wage gap between AAs
and WNHs in A&E occupations is the highest for the “bachelor” level and is the least for the
“above bachelor” level. It should be emphasized that the least wage gap in A&E occupations only
applies to a very small share of AAs. While the share of AAs with “above bachelor degrees” was
16.28% in 2015, the share of AAs with “bachelor” degrees and “below bachelor degrees” was
29.26% and 54.46% respectively. This finding is contrary to the study by The Economic Policy
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Institute (EPI) indicating the highest black-white wage gap is among the most educated group
(those with more than a bachelor's degree) (Wilson & Rodgers III, 2016). However, the results of
this study are consistent with the finding of the EPI study, stating that the black-white wage gap is
higher for bachelor degree holders than the wage gap among the less-educated group (Wilson &
Rodgers III, 2016). The growth of the wage gap between college-graduated African Americans
and Whites was highlighted in previous studies (Rodgers, 2006; Wilson & Rodgers III, 2016).
Likewise, the findings of this research also indicate the increase in the wage gap at the “bachelor”
level, which needs the attention of researchers and policymakers.
It seems that AAs in A&E occupations at all education levels were more influenced due to
the economic downturn, compared to HISPs. There was either an improvement or almost no
change in the wage gap for HISPs in A&E jobs during the Recession, and improvement in the
wage gap at all education levels during the recovery period. For AAs, there were considerable
changes in the wage gaps at all education levels (either increase or decrease) during the economic
downturn, indicating AAs are probably more at risk in case of an economic downturn. Although
at first glance, it can be seen that there was a decrease in the wage gap for most of the AAs in A&E
(AAs with a Bachelor’s or below Bachelor’s degrees), the improvement vanished during the
recovery time. It seems the changes in the wage gap (improvement or deterioration) during the
Recession for AAs in A&E jobs did not reflect the real picture of AAs’ status because their
situation during recovery time in 2015 went back to how it was in 2007.
In addition to the temporal analysis of the wage gaps, it is also essential to find out whether
there was a significant difference between the average income of AAs and WNHs at different
education levels using statistical methods. Table 27 summarizes the results of the t-test between
the average incomes of AAs and WNHs in A&E occupations at different education levels.
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Table 27. Statistical Analysis Results of Difference Between Average Income of AAs and
WNH in A&E Occupations by Education Level *
WNH

N

Income
(Mean)

AA

STD

Independent Sample t-test

Below Bachelor
Income
N
STD
(Mean)

t

p-value

<0.05

2007

5627

50,703.31

27,733.65

321

47,722.74

32,384.12

1.97

0.107

Not

2011

3779

54,990.55

30,062.68

259

53,677.22

34,930.86

1.97

0.555

Not

2015

4329

61,625.02

33,406.81

281

54,846.98

27,937.96

1.97

0.000

Sig.

STD

t

p-value

<0.05

N

Income
(Mean)

STD

N

Bachelor
Income
(Mean)

2007

4097

74,852.77

51,174.52

167

64,872.46

30,522.46

1.97

0.000

Sig

2011

2951

76,178.14

46,800.09

117

63,881.20

47,080.00

1.98

0.006

Sig.

2015

3717

88,255.39

60,767.67

151

74,936.42

54,852.86

1.97

0.004

Sig

t

p-value

<0.05

N

Income
(Mean)

STD

Above Bachelor
Income
N
STD
(Mean)

2007

1732

86,995.21

56,832.20

57

81,266.67

54,128.67

2.00

0.436

Not

2011

1204

89,946.43

60,230.58

48

77,718.75

57,657.04

2.01

0.156

Not

2015

1666

101,797.96

71,326.11

84

93,189.29

61,200.28

1.99

0.215

Not

* Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table C.

Based on the calculated p-values from Table 27, there was not a significant difference
between the average income of AAs and WNHs with “below bachelor” degrees in 2007 and 2011.
However, the difference turned out to be significant in 2015. An increase in the wage gap at the
“below bachelor” education level was also seen from 2011 to 2015 (Figure 37). Therefore, the
industry needs to pay attention to the widening wage gap in the “below bachelor” group, which is
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also a significant difference between the average income of AAs and WNHs in the most recent
sample year (2015).
Considering the “bachelor” level workforce, there was a significant difference between the
average income of AAs and the average income of WNHs with bachelor degrees. Although the
temporal direction of the wage gap for this education group showed a decrease from 2007 to 2011,
the wage difference was still significant even in 2011. For the most educated group (“above
bachelor”), contrary to the “bachelor” group, there was not a significant difference between the
average income of AAs and WNHs with “above bachelor” degrees in any of the sample years.
It can be concluded that the problem of the wage gap between AAs and WNHs in A&E
occupations has come from the “below bachelor” and “bachelor” level since the wage difference
in both groups was significant in the most recent sample year. In 2015, 29.26% of AAs had
“bachelor” degrees and 54.46% had “below bachelor” degrees. This means that the majority of the
AAs in A&E occupations (more than 80%) were paid significantly different from their WNH
counterparts, controlling for their education level. However, there was not a significant difference
just for the highly-educated AAs, who only consisted around 16% of the AAs in A&E occupations.
To sum up, the researcher wants to highlight the wage gap between AAs and WNHs at
“bachelor” and “below bachelor” level, not only because the gap is widening, but also this
widening wage gap is impacting the majority of AAs in A&E occupations. The researcher believes
the attention of the industry and policymakers, besides the improvement in the educational
attainment of AAs, can help to narrow down the wage gap.
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5.2.2. The Racial/Ethnic wage gap in The Construction Occupations with The Same
Educational Attainment
Figures 38 to 40 exhibit the average income of HISPs, AAs, and WNHs at each education
level in construction occupations for the sample years. The values for the average income for the
years 2011 and 2015 are adjusted relative to the dollar value in 2007.
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Figure 38. Average Income in Construction Occupations by Race/ Ethnicity and Education
in 2007
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Figure 39. Average Income in Construction Occupations by Race/ Ethnicity and Education
in 2011
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Figure 40. Average Income in Construction Occupations by Race/ Ethnicity and Education
in 2015
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The Wage Gaps and Differences in Construction Occupations – Hispanics vs White nonHispanics
The temporal analysis of the wage gap between HISPs and WNHs in construction
occupations, while controlling for education level was conducted by calculating the average
income of HISPs and WNHs at each education group for the sample years from Figures 38 to 40.
Figure 41 portrays the wage gap between HISPs and WNHs in A&E professions.

35.00%

33.11%

32.86%
31.00%

Wage Gap (%)

30.00%

29.84%

25.00%

20.00%
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Figure 41. The Wage Gap Between HISPs and WNHs in Construction Occupations by
Education

It can be observed from Figure 43 that the wage gap between HISPs and WNHs in the
construction occupations was the lowest for “some college or associate” degrees in all sample
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years. The wage gap in this education group slightly increased during the Recession time from
19.37 in 2007 to 21.80% in 2011 and did not decrease considerably later during the recovery time.
Nevertheless, in 2015 the lowest wage gap was for “some college or associate” education level. It
should be noted that a small share of HISPs belongs to this group (12.77% in 2007, 14.99% in
2011, and 16.49% in 2015). Therefore, the lowest wage gap between HISPs and WNHs only
applies to a small share of the HISP construction workforce. Interestingly, the study by the
Economic Policy Institute (EPI) also found that HISP full-time workers with some postsecondary
education (without a four-year college degree) had the lowest pay gap compared to other education
levels (Mora & Dávila, 2018). Although the researcher was not able to justify the possible reason
for the lowest wage gap among “some college education” workers, previous studies claimed that
workers with just some college education probably share the “jack of all trades” characteristic,
meaning that this group is generally more mobile not only geographically, but also between selfemployment and employer-paid sectors (Lazear, 2005; Mora & Dávila, 2018).
The majority of HISP construction workers fell under the “high school or below high
school” education level. More than 80% of HISPs in construction jobs had “high school or below
high school” education in all sample years. Therefore, the wage gap in this group reflects the
majority of HISPs’ status in the industry. Based on Figure 43, it can be observed that the wage gap
was the highest among the least educated HISP workers, except in 2007. Additionally, the wage
gap for the least educated groups did not change considerably and was steadily high from 2007 to
2015. It was found in previous studies that the HISP-WNH wage gap was almost steady from 2001
to 2015 for “high school or less than high school” HISP workers, but it was higher than the wage
gap for HISP workers with some college education (Mora & Dávila, 2018).
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Highly-educated HISPs in the construction industry who have “bachelor or above
bachelor” degrees are the least in number, comprising only about 3% of the HISP construction
workforce. The HISP-WNH wage gap for this highly-educated workforce was considerably high
in 2007 (33.11% wage gap). However, it decreased substantially to 21.83% in 2011 and slightly
increased to 23.81% in 2015. The results for highly-educated HISP workers seem counterintuitive. In other words, the researcher expected to see the lowest HISP-WNH wage gap for the
highest educated group, speculating that highly-educated HISPs would have more opportunities to
select and work at well-paying jobs. Interestingly, there was a similar finding in a previous study,
indicating that college-educated HISPs and people of color, in general, have faced large wage gaps
(Mora & Dávila, 2018; Wilson & Rodgers III, 2016). Previous scholars speculated that collegegraduated WNHs possibly had better social networks than minorities, which helped them not only
to find employment more easily, but also to secure higher pay (Mora & Dávila, 2018; Mora,
Dávila, & Boudreau, 2016).
In addition to the temporal changes in the wage gaps, it is also essential to determine
whether there was a significant difference between the average income of HISPs and WNHs at
different education levels using statistical methods. Table 28 summarizes the results of the t-test
between the average incomes of HISPs and WNHs in construction occupations at different
education levels.
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Table 28. Statistical Analysis Results of Difference Between Average Income of HISPs and
WNH in Construction Occupations by Education Level *
WNH

Independent Sample t-

HISP

test

Highschool or Below Highschool
Income
STD
N
STD
(Mean)

N

Income
(Mean)

2007

25357

41,328.15

29,516.86 11269

29,271.59

2011

18786

43,398.29

28,138.71

7783

2015

18471

49,227.39

35,373.43

9095

t

Sig.

<0.05

19,454.76

1.96

0.000

Sig.

29,577.18

19,318.53

1.96

0.000

Sig.

34,480.11

23,054.37

1.96

0.000

Sig.

t

Sig.

<0.05

Some College or Associate Degree
Income
STD
N
STD
(Mean)

N

Income
(Mean)

2007

12629

46,676.51

30,568.49

1717

38,646.15

25,100.93

1.96

0.000

Sig

2011

10513

49,195.75

33,438.09

1424

40,002.53

28,034.48

1.96

0.000

Sig.

2015

11078

45,855.29

38,851.07

1861

56,360.80

37,277.27

1.96

0.000

Sig

t

Sig.

<0.05

Bachelor or Above Bachelor
Income
STD
N
STD
(Mean)

N

Income
(Mean)

2007

2715

53,592.15

41,212.81

464

37,185.56

26,374.83

1.96

0.000

Sig.

2011

2186

56,972.60

47,412.79

293

45,595.90

41,294.53

1.97

0.000

Sig.

2015

2346

65,465.00

53,769.99

333

49,177.18

39,193.40

1.96

0.000

Sig.

* Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table D.

The calculated p-values from Table 28 indicate there was a significant difference between
the average incomes of HISPs and WNHs in construction jobs at all education levels for all of the
sample years. However, although the differences in income between HISPs and WNHs were
significant for all education groups, the temporal analysis indicated that HISPs with some college
education outperformed those with less education. Nevertheless, the most educated HISPs did not
favor the least wage gap, surprisingly. The average ages and weekly working hours of highly149

educated HISPs were much closer to highly-educated WNHs than they were for less-educated
groups. Therefore, the researcher was not able to justify the high wage gap for educated HISPs in
construction professions. The high wage gap for the most educated HISPs in construction might
be an issue of public policy concern, since it suggests that HISPs who invested in higher education
face a larger pay gap.
The Wage Gaps and Differences in Construction Occupations – African Americans vs White
non-Hispanics
The temporal analysis of the wage gap between AAs and WNHs in construction
occupations for the sample years, while controlling for education level, was conducted by
calculating the average income of AAs and WNHs in each education group for the sample years
from Tables 38 to 40. Figure 42 portrays the wage gap between HISPs and WNHs in A&E
professions.
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Figure 42. The Wage Gap Between AAs and WNHs in Construction Occupations by
Education
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It can be observed from Figure 42 that the AA-WNH wage gap has widened for the most
educated group (“bachelor” or “above bachelor”) in the construction occupations. Although the
wage gap for highly-educated AAs in was 6.07% in 2007, it increased to 18.56% in 2015. This
increase in the wage gap for the most educated AAs was brought to attention by previous scholars,
indicating that this widening wage gap started in the 1980s and continued to 2014 (Rodgers, 2006;
Wilson & Rodgers III, 2016). Nevertheless, based on the results of this research, it seems the
increase in the wage gap for highly-educated AAs has not stopped since the 1980s.
For AAs with some college education, the changes in the wage gap were less volatile during
the Recession than it was during the recovery period. The AA-WNH wage gap for “some college
or associate” education level was 12.11% in 2011 and increased considerably to 21.01% in 2015.
Therefore, the highest AA-WNH wage gap was among those with some college education in the
most recent sample year.
The changes in the AA-WNH wage gap was less volatile for the “high school or below
high school” workforce than the other education groups. The AA-WNH wage gap slightly
decreased during the sample years. Although the highest wage gap was for the least educated AAs
in 2007, it turned out to be the lowest wage gap in 2015 for those with the lowest education levels.
These findings are consistent with previous studies, indicating that the wage gap between AAs and
WNHs with high school diplomas was quite stable from the 1980s to 2014, and it was also less
than the wage gap for higher educated AAs (Rodgers, 2006; Wilson & Rodgers III, 2016).
In addition to the temporal analysis, it is also essential to find out whether there was a
significant difference between the average income of HISPs and WNHs at different education
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levels using statistical methods. Table 29 summarizes the results of the t-test between the average
incomes of HISPs and WNHs in construction occupations at different education levels.

Table 29. Statistical Analysis Results of Difference Between Average Income of AAs and
WNH in Construction Occupations by Education Level
WNH

N

Income
(Mean)

AA
Highschool or Below Highschool
Income
STD
N
STD
(Mean)

Independent Sample t-test

t

p-value

<0.05

2007

25357 41,328.15 29,516.86 2147 32,837.78 20,865.88

1.96

0.000

Sig.

2011

18786 43,398.29 28,138.71 1665 34,951.17 29,344.72

1.96

0.000

Sig.

2015

18471 49,227.39 35,373.43 1406 40,140.68 31,961.45

1.96

0.000

Sig.

t

p-value

<0.05

N

Income
(Mean)

Some College or Associate Degree
Income
STD
N
STD
(Mean)

2007

12629 46,676.51 30,568.49

762

39,978.43 26,207.37

1.96

0.000

Sig

2011

10513 49,195.75 33,438.09

738

41,997.56 23,380.43

1.96

0.000

Sig.

2015

11078 45,855.29 38,851.07

805

46,090.56 28,437.80

1.96

0.000

Sig.

t

p-value

<0.05

N

Income
(Mean)

Bachelor or Above Bachelor
Income
STD
N
STD
(Mean)

2007

464

53,592.15 41,212.81

123

52,292.68 52,025.75

1.98

0.785

Not.

2011

2186

56,972.60 47,412.79

115

47,824.35 27,824.11

1.98

0.001

Sig.

2015*

333

65,465.00 53,769.99

122

56,042.62 41,333.97

1.98

0.017

Sig.

* Not Significant based on Bonferroni p-value (0.008). More information is provided in Appendix
V, Table D.

It can be observed from the calculated p-values that there was a significant difference
between the average income of AAs and WNHs in construction occupations at all education levels
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for the sample years. There was only one exception for the year 2007 for the “bachelor or above
bachelor” group. The temporal analysis also confirmed that there has been an increase in the wage
gap for AAs with more than a high school diploma.

Considering Bonferroni adjusted p-values, there is no significant wage difference between
AAs and WNHs with Bachelor’s degrees and Above Bachelor degrees. However, there is a
significant difference based on Holm p-value.
5.3. Education Level Analysis Based on Race/Ethnicity – Higher Education and The
Average Income
This part of the study aimed to find out whether a higher degree helps all underrepresented
minority groups with significantly higher income or not. In other words, the researcher wanted to
test if underrepresented minority groups with higher education earn significantly different from
the same minority groups with lower education. Since the education grouping is different for A&E
and construction occupations, the analysis was separated accordingly for the impact of higher
education on the average income of A&E and construction workforces of different race and
ethnicities. Although WNHs were not the main focus in this study, the researcher still included the
results for WNHs to have it as a benchmark for comparing HISPs and AAs with the dominant
group (WNH).
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5.3.1. Higher Education and The Average Income of Race/Ethnic Groups in A&E
Occupations
To investigate if higher education leads to significantly higher income in A&E professions,
the independent t-test was conducted two times. First, between each underrepresented minority
group with “below bachelor” degrees and the same minority group with “bachelor” degrees.
Second, between each minority group with “bachelor” degrees and the same underrepresented
minority group with “above bachelor” degrees. Therefore, considering three ethnicity/race groups
including WNHs, HISPs, and AAs, the mentioned t-test was performed. The results for each
underrepresented minority groups in A&E occupations are provided in the following sections.
Higher Education and The Average Income of WNHs in A&E Occupations
The t-test results for higher education and the average income of WNHs in A&E
occupations are summarized in Table 30. It shows two comparisons: 1) the result of the difference
between the average income of WNHs with “below bachelor” degrees and the average income of
WNHs with “bachelor”; 2) the result of the difference between the average income of WNHs with
“bachelor” degrees and the average income of WNHs with “above bachelor” degrees.
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Table 30. Statistical Analysis Results for Average Income of WNHs with Higher Education
in A&E Occupations *
White non-Hispanics

2007

Below Bachelor
Income
N
STD
N
(Mean)
5627 50,703.31 27,733.65 4097

Bachelor
Income
STD
(Mean)
74,852.77 51,174.52

1.96

0.000

Sig.

2011

3779

54,990.55

30,062.68 2951

76,178.14

46,800.09

1.96

0.000

Sig.

2015

4329

61,625.02

33,406.81 3717

88,255.39

60,767.67

1.96

0.000

Sig.

2007

4097

Bachelor
Income
STD
N
(Mean)
74,852.77 51,174.52 1732

2011

2951

76,178.14

N

46,800.09 1204

Above Bachelor

Independent t-test
pt
<0.05
value

Independent t-test
pt
<0.05
value

Income
STD
(Mean)
86,995.21 56,832.20

1.96

0.000

Sig.

89,946.43 60,230.58

1.96

0.000

Sig.

Sig.
3717 88,255.39 60,767.67 1666 101,797.96 74,116.05 1.96 0.000
* Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table E.
2015

It can be observed from Table 30 that WNHs with “bachelor” degrees earned significantly
different from WNHs with “below bachelor” degrees in A&E occupations in all sample years.
Additionally, the average income of WNHs with “above bachelor” degrees was significantly
different from the average income of WNHs with “bachelor” degrees in all sample years.
Therefore, it can be concluded that a higher education usually helped WNHs with significantly
higher pay in A&E professions. In other words, WNHs can be encouraged by the results of this
analysis, indicating that if WNHs pursue higher education, whether earning “a bachelor's degree”
if they already have “a below bachelor's degree” or earning “above bachelor degrees” in case they
already had “a bachelor's degree,” they will earn significantly different. It is essential to investigate
whether higher education also pays significantly different for underrepresented minorities.
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Higher Education and The Average Income of HISPs in A&E Occupations
The t-test results for higher education and the average income of HISPs are summarized in
Table 31. It summarizes two comparisons: 1) the result of the difference between the average
income of HISPs with “below bachelor” degrees and the average income of HISPs with
“bachelor”; 2) the result of the difference between the average income of HISPs with “bachelor”
degrees and the average income of HISPs with “above bachelor” degrees.

Table 31. Statistical Analysis Results for Average Income of HISPs with Higher Education
in A&E Occupations
Hispanics
Below Bachelor

Bachelor

Independent t-test

2007

508

Income
(Mean)
44,322.64

2011

334

52,541.92

28,615.58

194

67,880.41

46,800.09

1.97

0.000

Sig.

2015

464

58,805.82

48,129.74

325

78,647.69

52,329.55

1.96

0.000

Sig.

N

STD

t

p-value

<0.05

301

Income
(Mean)
64,021.26

29,224.93

1.96

0.000

Sig.

STD

N

22,422.13

Bachelor

Above Bachelor

Independent t-test

2007

301

Income
(Mean)
64,021.26

2011*

194

67,880.41

46,800.09

82

77,893.90

39,301.78

1.98

0.046

Sig.

2015

325

78,647.69

52,329.55

149

97,377.85

71,326.11

1.97

0.006

Sig.

N

STD

t

p-value

<0.05

112

Income
(Mean)
69,612.50

39,272.97

1.97

0.172

Not.

STD

N

29,224.93

* Not Significant based on Bonferroni p-value (0.008). More information is provided in Appendix
V, Table. E.

The calculated p-values from Table 31 indicate that HISPs with “bachelor” degrees earn
significantly different than HISPs with “below bachelor” degrees in A&E occupations for all
sample years. Likewise, HISPs with “above bachelor” degrees earned significantly different from
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HISPs with “bachelor degrees,” except in 2007. However, the adjusted p-values by Bonferroni and
Holm method indicate that in 2011, HISPs with Above Bachelor degrees did not earn significantly
different from HISPs with Bachelor’s degrees. Nevertheless, it can be concluded that more
education may increase HISPs’ wages in A&E occupations. However, only around 50% of HISPs
in A&E occupations have “bachelor” or “above bachelor” degrees, and the results can be used to
further encourage HIPSs to get at least four years of college education to earn higher incomes.
These findings can help to encourage HISPs to get higher educations not only to get good
pay but also to reduce the HISP-WNH wage gap if the share of HISPs with “above bachelor”
degrees is improved since the temporal analysis of the wage gap confirmed that the wage gap is
the lowest among the HISPs with “above bachelor” degrees. Nevertheless, the HISP-WNH wage
gap at the “bachelor” level did not seem promising to reduce the wage gap and was higher than
the “below bachelor” level; however, HISPs can still earn significantly different with “bachelor”
degrees than if they work with “below bachelor” degrees in A&E occupations.
Higher Education and The Average Income of AAs in A&E Occupations
The t-test results for higher education and the average income of AAs are summarized in
Table 32. It summarizes two comparisons: 1) the result of the difference between the average
income of AAs with “below bachelor” degrees and the average income of AAs with “bachelor”
degrees; 2) the result of the difference between the average income of AAs with “bachelor” degrees
and the average income of AAs with “above bachelor” degrees.
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Table 32. Statistical Analysis Results for Average Income of AAs with Higher Education in
A&E Occupations
African Americans

N

Below Bachelor
Income
STD
(Mean)

Bachelor
Income
(Mean)

N

STD

Independent t-test
pt
<0.05
value

2007

321

47,722.74

32,384.12

167

64,872.46

30,522.46

1.97

0.000

Sig.

2011

259

53,677.22

34,930.86

117

63,881.20

47,080.00

1.97

0.037

Sig.

2015

281

54,846.98

27,937.96

151

74,936.42

54,852.86

1.97

0.000

Sig.

N

Bachelor
Income
STD
(Mean)

Above Bachelor

N

Income
(Mean)

STD

Independent t-test
pt
<0.05
value

2007*

167

64,872.46

30,522.46

57

81,266.67

54,128.67

1.99

0.033

Sig.

2011

117

63,881.20

47,080.00

48

77,718.75

57,657.04

1.99

0.145

Not

2015**

151

74,936.42

54,852.86

84

93,189.29

61,200.28

1.98

0.024

Sig.

* Not Significant based on Bonferroni p-value (0.008) and Holm p-value (0.025). More
information is provided in Appendix V, Table. E
**Not Significant based on Bonferroni p-value (0.008). More information is provided in Appendix
V, Table. E.

It can be observed from the calculated p-values that the average income of AAs with
“bachelor” degrees was significantly different from the average income of AAs with “below
bachelor” degrees in all sample years. Likewise, the average income of AAs with “above bachelor”
degrees was also significantly different from the average income of AAs with “bachelor” degrees,
except in 2011. It should be mentioned that adjusted p-values by Bonferroni and Holm method
indicate that AAs with “above bachelor” degrees did not earn significantly different from lower
educated AAs with “bachelor” degrees. Therefore, interpreting the results might be controversial
based on the consideration of p-value adjustments. Nevertheless, it can be concluded that “above
bachelor” education certainly increases wages for AAs in A&E occupations compared to

158

“bachelor” level education. This result is promising to encourage AAs to pursue at least 4 years of
college education considering that less than 50% of AAs have less than a bachelor’s degree in
A&E professions. It should be highlighted that there was an increase in the wage gap between AAs
and WNHs with bachelor degrees and above bachelor degrees. To close the AA-WNH wage gap
in the A&E occupation, not only should policymakers and industry experts pay attention to this
widening wage gap, but efforts should also be made to provide more opportunities for AAs to
enhance their educational levels.
5.3.2. Higher Education and The Average Income of Race/Ethnic Groups in Construction
Occupations
To study if higher education in construction occupations brings significantly higher
income, the independent t-test was conducted two times: first, between each underrepresented
minority group with “a high school or below high school” education and the same
underrepresented minority group with “some college or associate” degrees; second, between each
underrepresented minority group with “some college or associate” degrees and the same
underrepresented minority group with “bachelor or above bachelor” degrees. Therefore,
considering three ethnic/race groups, including WNHs, HISPs, and AA, the mentioned t-test was
performed. The results for each underrepresented minority group in construction jobs are provided
in the following sections.
Higher Education and The Average Income of WNHs in Construction Occupations
The t-test results for higher education and the average income of WNHs in construction
jobs are summarized in Table 33. It shows two comparisons: 1) the result of the difference between
the average income of WNHs with “high school or below high school” education and the average
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income of WNHs with “some college or associate” degrees; 2) the result of the difference between
the average income of WNHs with “some college or associate” degrees and the average income of
WNHs with “bachelor or above bachelor” degrees.

Table 33. Statistical Analysis Results for The Average Income of WNHs with Higher
Education in Construction Occupations *
White non-Hispanics
High School or Below High
Some College or Associate’s
School
Degree
Income
Income
N
STD
N
STD
(Mean)
(Mean)

Independent t-test
t

pvalue

<0.05

2007

25357

41,328.15

29,516.86

12629

46,676.51

30,568.49

1.96

0.000

Sig.

2011

18786

43,398.29

28,138.71

10513

49,195.75

33,438.09

1.96

0.000

Sig.

2015

18471

49,227.39

35,373.43

11078

45,855.29

38,851.07

1.96

0.000

Sig.

Some College or Associate’s
Degree
Income
N
STD
(Mean)

Bachelor or Above Bachelor

Independent t-test

N

Income
(Mean)

STD

t

pvalue

<0.05

2007

12629

46,676.51

30,568.49

2715

53,592.15

41,212.81

1.96

0.000

Sig.

2011

10513

49,195.75

33,438.09

2186

56,972.60

47,412.79

1.96

0.000

Sig.

2015

11078

45,855.29

38,851.07

2346

65,465.00

53,769.99

1.96

0.000

Sig.

* Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table F.

It can be observed from Table 33, and based on the calculated p-values, that WNHs with
“some college or associate” degrees earned significantly different from WNHs with “high school
or below high school” education in construction jobs in all sample years. Likewise, the average
income of WNHs with “bachelor or above bachelor” degrees was significantly different from the
average income of WNHs with “some college or associate” degrees in construction occupations.
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Therefore, it can be concluded that higher education usually leads to significantly higher income
for WNHs in the construction industry. Nevertheless, it is essential to investigate if this also applies
to minorities or not.
Higher Education and The Average Income of HISPs in Construction Occupations
The WNH-HISP wage gaps in construction jobs were considerably high, especially among
low-educated HISPs. Therefore, it is necessary to investigate if higher education can at least help
HISPs with significantly higher pay. The t-test results for higher education and the average income
of HISPs in construction jobs are summarized in Table 34. It shows two comparisons: 1) the result
of the difference between the average income of HISPs with “high school or below high school”
education and the average income of HISPs with “some college or associate” degrees; 2) the result
of the difference between the average income of HISPs with “some college or associate” degrees
and the average income of HISPs with “bachelor or above bachelor” degrees.
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Table 34. Statistical Analysis Results for The Average Income of HISPs with Higher
Education in Construction Occupations

High School or Below High
School
Income
N
STD
(Mean)

Hispanics
Some College or
Associate’s Degree
Income
N
STD
(Mean)

Independent t-test
t

pvalue

<0.05

2007

11269

29,271.59

19,454.76

1717

38,646.15

25,100.93

1.96

0.000

Sig.

2011

7783

29,577.18

19,318.53

1424

40,002.53

28,034.48

1.97

0.000

Sig.

2015

9095

34,480.11

23,054.37

1861

45,855.29

37,277.27

1.96

0.000

Sig.

Some College or Associate’s
Degree
Income
N
STD
(Mean)

Bachelor or Above Bachelor

N

Income
(Mean)

Independent t-test

STD

t

pvalue

<0.05

2007

1717

38,646.15

25,100.93

464

37,185.56

26,374.83

1.97

0.285

Not

2011*

1424

40,002.53

28,034.48

293

45,595.90

41,294.53

1.98

0.027

Sig.

2015

1861

45,855.29

37,277.27

333

49,177.18

39,193.40

1.96

0.152

Not

* Not Significant based on Bonferroni p-value (0.008) and Holm p-value (0.025). More
information is provided in Appendix V, Table F.

It can be observed from Table 34, and based on the calculated p-values, that HISPs with
“some college or associate” degrees earned significantly different from HISPs with “high school
or below high school” education in construction jobs in all sample years. It was discussed earlier
in the temporal analysis section, that the HISP-WNH wage gap in construction jobs was the least
for HISPs with “some college or associate’s degree” education. Considering the smallest wage gap
was for HISPs with some college education, besides the fact that they can earn significantly
different from if they just have a high school or lower education, this seems very promising. In
other words, the researcher believes that acquiring some college education for HISPs in
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construction jobs can be a ‘silver bullet’. However, only 16.5% of HISPs in 2015 had some college
education and the share of HISPs with some college education needs to be increased. It is suggested
to provide more resources for HISPs in construction jobs, whether by the support of industry or
educational system to enable and encourage HISPs to obtain some college education. Considering
that HISPs, as the majority of the construction workforce in so many states are growing, it is
necessary to reduce the high wage gap, and based on the findings, supporting HISPs to obtain
some college education is a promising strategy. Not only will it help to close the wage gap between
HISPs and WNHs in the construction professions, but it will also help the industry with enhanced
productivity and higher quality projects and end products.
The results for comparing the income of HISPs with some college education and HISPs
with a Bachelor's degree or above Bachelor's degrees are counterintuitive. Based on the calculated
p-values from Table 35 there was not a significant difference between the average income of HISPs
with “some college or associate” education and the average income of HISPs with “bachelor or
above bachelor” degrees in construction jobs for the years 2007 and 2015, but it was significant in
2011. However, considering adjusted p-values by Bonferroni and Holm method, HISPs with some
college education did not earn significantly different from HISP with a bachelor or above bachelor
degrees in 2011 too. It should be mentioned that due to the limited sample size, the researcher had
to combine Bachelor’s degrees and above a Bachelor’s degree. Therefore, HISPs may earn
significantly different if they have “above bachelor” degrees than if they have lower education.
Higher Education and The Average Income of AAs in Construction Occupations
The t-test results for higher education and the average income of AAs in construction jobs
are summarized in Table 35. It shows two comparisons: 1) the result of the difference between the
average income of AAs with “high school or below high school” education and the average income
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of AAs with “some college or associate” degrees: 2) the result of the difference between the
average income of AAs with “some college or associate” degrees and the average income of AAs
with “bachelor or above bachelor” degrees.

Table 35. Statistical Analysis Results for The Average Income of AAs with Higher
Education in Construction Occupations
African Americans
High School or Below High

Some College or Associate’s

School

Degree

N

Income
(Mean)

STD

N

Income
(Mean)

Independent t-test

STD

t

pvalue

<0.05

2007

2147

32,837.78

20,865.88

762

39,978.43

26,207.37

1.97

0.000

Sig.

2011

1665

34,951.17

29,344.72

738

41,997.56

23,380.43

1.97

0.000

Sig.

2015

1406

40,140.68

31,961.45

805

46,090.56

28,437.80

1.97

0.000

Sig.

Some College or Associate’s
Degree
Income
N
STD
(Mean)

Bachelor or Above Bachelor

Income

N

(Mean)

Independent t-test

STD

t

pvalue

<0.05

2007*

762

39,978.43

26,207.37

123

52,292.68

52,025.75

1.99

0.011

Sig.

2011*

738

41,997.56

23,380.43

115

47,824.35

27,824.11

1.99

0.035

Sig.

2015*

805

46,090.56

28,437.80

122

56,042.62

41,333.97

1.98

0.011

Sig.

* Not Significant based on Bonferroni p-value (0.008), but significant based on Holm p-value
More information is provided in Appendix V, Table F.

It can be observed from Table 35, and based on the calculated p-values, that AAs with
“some college or associate” degrees earned significantly different from AAs with “high school or
below high school” education in construction jobs in all sample years. Likewise, the average
income of AAs with “bachelor or above bachelor” degrees was significantly different from the
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average income of AAs with “some college or associate” degrees in construction occupations.
Therefore, it can be concluded that higher education usually leads to significantly different income
for AAs in the construction industry. It should be mentioned that based on Bonferroni adjusted pvalues, there was no significant difference between the average income of HISPs with “some
college education” and HISPs with “Bachelor or Above Bachelor” education. However, the Holm
approach which is less conservative and more reliable indicates that there is a significant difference
between the mentioned groups. More information is provided in Appendix V.
However, the temporal analysis of the AA-WNH wage gap for both “some college
education” and “bachelor or above bachelor” showed an increase, and was higher than the wage
gap for the least educated group. To encourage AAs to pursue higher degrees, the observed
increase in the wage gap among educated groups needs to be reduced. The researcher hopes this
study can capture the attention of industry leaders since closing the wage gap among educated
AAs not only helps the industry with more efficiency and higher quality but can also motivate AAs
to obtain higher education and higher income.
5.4. Education Level Analysis Based on Gender- Gender Wage Gaps and Differences
Controlling for Education
This part of the study investigates the gender wage gap in A&E and construction
occupations at different education levels.
5.4.1. The Gender Wage Gaps and Differences in the A&E Occupations with The Same
Educational Attainment
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Figures 43 to 45 exhibit the average income of women and men at each education level in
A&E occupations for the sample years. The values for the average income for the years 2011 and
2015 are adjusted relative to the dollar value in 2007.

100,000.00
90,000.00

Average Income ($)

80,000.00
70,000.00
60,000.00
50,000.00
40,000.00
30,000.00

20,000.00
10,000.00
Female
Male

Below Bachelor
39,357.78
50,556.69

Bachelor
56,053.45
75,710.67

Above Bachelor
62,842.83
89,193.17

Figure 43. Average Income in A&E Occupations by Gender and Education in 2007
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40,000.00
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Figure 44. Average Income in A&E Occupations by Gender and Education in 2011
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60,000.00
50,000.00
40,000.00
30,000.00
20,000.00
10,000.00
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44,123.01
53,747.34

Bachelor
63,419.06
77,301.68

Above Bachelor
70,818.32
93,366.26

Figure 45. Average Income in A&E Occupations by Gender and Education in 2015
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The temporal analysis of the gender wage gap in A&E occupations, while controlling for
education level, was calculated using the average income of women and men in each education
group for the sample years from Figures 43 to 45, and the graph was plotted. Figure 46 portrays
the wage gap between HISPs and WNHs in A&E professions. It can be noticed from Figure 46
that women in A&E occupations were paid lower than men at all education levels.
31.00%

29.54%

29.00%
27.00%

25.96%

25.00%
23.00%

23.44%
22.15%
22.24%

21.00%
19.00%

17.00%
15.00%

24.15%

Below Bachelor

17.96%

19.43%

Bachelor

17.91%

Above Bachelor
2007

2011

2015

Figure 46. Gender Wage Gap in A&E Occupations by Education

It can be observed from Figure 46 that there was a declining gender wage gap at the
Bachelor’s education level from 2007 to 2015. The decline led to the point that in 2015, the lowest
gender wage gap was for women with a Bachelor’s degree. However, the gap was still high, and
equal to 17.91% in 2015. There could be so many reasons behind the declining gender wage gap
among women with a Bachelor’s degree. The researcher cannot consider all the possible variables
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to justify the observed decline. However, data on the average weekly working hours indicated that
women continuously decreased the difference in their working hours, compared to their male
counterparts. The researcher speculates that since women continued to increase their working
hours and enhance their relative income, this possibly played a role in decreasing the gender wage
gap.
The gender wage gap for the “below bachelor” education group, although slightly increased
from 2007 to 2011, decreased considerably from 23.44% in 2011 to 17.96% in 2015. Similar to
the observed decline in the gender wage gap for the “bachelor” group, the researcher believes that
the improvement in the working hours of women relative to men can partly explain the decrease
in the gender wage gap for the “below bachelor” group.
The gender wage gap for the most educated women with above Bachelor’s degree was the
highest both in 2007 and 2015. Considering that the industry status was not normal during the
Recession time in 2011, it can be stated that the highest gender wage gap for the most educated
women in the A&E industry is the real picture of the gender wage gap for highly educated women.
Interestingly, it was also found by previous scholars that the gender wage gap expands with the
higher education level of women (Gould, Schieder, & Geier, 2016).
In addition to the temporal analysis, it is also essential to find out whether there was a
significant difference between the average income of women and men in A&E occupations. Table
36 summarizes the results of the t-test between the average income women and men in A&E
occupations at different education levels. Based on the calculated p-values, there was a significant
difference between the average income of women and men at all education levels in A&E
occupations. Therefore, regardless of how well women are educated, they earned significantly
different from their male counterparts with the same educational attainment.
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Table 36. Statistical Analysis Results of Difference Between Average Income of Women
and Men in A&E Occupations by Education Level *
Women

N

Income
(Mean)

Independent Sample ttest

Men

STD

Below Bachelor
Income
N
(Mean)

STD

t

p-value

<0.05

2007 1042 39,674.86 22,535.94 5688

51,792.19

27,987.60

1.96

0.000

Sig.

2011

701

42,253.64 22,758.07 3936

56,579.60

30,731.74

1.96

0.000

Sig.

2015

752

50,276.86 24,360.93 4579

63,008.15

37,196.19

1.96

0.000

Sig.

STD

t

p-value

<0.05

N

Income
(Mean)

STD

N

Bachelor
Income
(Mean)

2007

884

55,921.49 32,574.16 4122

76,816.59

50,525.28

1.96

0.000

Sig.

2011

640

61,612.66 39,519.42 3025

78,267.77

48,306.77

1.96

0.000

Sig.

2015

827

72,994.07 43,116.82 3828

89,395.90

61,233.82

1.96

0.000

Sig

STD

t

p-value

<0.05

N

Income
(Mean)

STD

Above Bachelor
Income
N
(Mean)

2007

431

63,559.40 36,423.52 1785

91,088.40

57,672.30

1.96

0.000

Sig.

2011

364

69,366.76 41,362.71 1214

92,220.43

59,240.71

1.96

0.000

Sig.

2015

484

80,806.61 42,757.80 1785

106,724.87

74,238.48

1.96

0.000

Sig.

* Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table G.

5.4.2. The Gender Wage Gaps and Differences in Construction Occupations with The Same
Educational Attainment
Figures 47 to 49 exhibit the average income of women and men at each education level in
construction occupations for the sample years. The values for the average income for the years
2011 and 2015 are adjusted relative to the dollar value in 2007.
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Average Income ($)

60,000.00
50,000.00
40,000.00
30,000.00
20,000.00
10,000.00
0.00
HS/Below HS
Female
Male

31,203.42
35,698.87

Some
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37,416.69
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Bachelor/Above
46,203.27
49,899.95

Figure 47. Average Income in Construction Occupations by Gender and Education in 2007

Average Income ($)
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43,845.20

Bachelor/Above
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Figure 48. Average Income in Construction Occupations by Gender and Education in 2011
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Male
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55,384.49
55,003.32

Figure 49. Average Income in Construction Occupations by Gender and Education in 2015

The temporal analysis of the gender wage gap in construction occupations, controlling for
education level, was calculated using the average income of women and men at each education
level for the sample years from Figures 47 to 49, and the graph was plotted. Figure 50 portrays the
wage gap between HISPs and WNHs in construction professions.
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20.00%
15.00%

17.60%
15.39%
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12.59%

14.47%

7.41%

9.89%
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12.14%

5.00%
0.00%

HS/Below HS
Some College/Asc.

-0.69%

-5.00%
2007
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Figure 50. Gender Wage Gap in Construction Occupations by Education
172

It can be observed from Figure 50 that the gender wage gap in construction occupations is
the least for the most educated women, who have a Bachelor’s degree or above. This is contrary
to A&E occupations, in which the most educated women (those with above a Bachelor’s degree)
faced the biggest gender wage gap. Additionally, the gender wage gap showed a decline during
the recovery time, to the point that in 2015, women and men with a Bachelor's or above a
Bachelor’s degree were getting paid almost the same amount as men did.
The temporal analysis of the gender wage gap for “some college or associate’s degree” has
been steady and did not change much during the sample years. The gender wage gap at this
education level was higher than the most educated women, and also the least educated women
except in 2011.
To determine whether the wage differences between women and men at each education
level were significant or not, an independent t-test was conducted. The results are summarized in
Table 37. Based on the calculated p-values from Table 37, it can be observed that there was a
significant difference between the average income of women and men with “high school or below
high school” and “some college or associate’s degree” in all sample years. For the “bachelor or
above bachelor” education level, although the difference between the average income of women
and men was not significant before and after the Recession (in 2007 and 2015), the difference was
significant during the Recession time. Therefore, it can be concluded that earning a Bachelor’s
degree or higher than a Bachelor’s degree for women possibly helps them to earn almost equal pay
as men, and women in the construction industry should be encouraged to get a higher education
level.
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Table 37. Statistical Analysis Results of Difference Between Average Income of Women
and Men in Construction Occupations by Education Level *
Women

Independent Sample ttest

Men
High school or Below High school
Income
STD
N
STD
(Mean)

N

Income
(Mean)

2007

886

31,990.63

27,740.49

38706

37,504.12

27,223.59

1.96

0.000

Sig.

2011

535

31,842.24

25,399.15

28366

39,152.95

26,718.72

1.96

0.000

Sig.

2015

577

38,621.49

29,518.09

29118

44,237.26

32,524.30

1.96

0.000

Sig.

t

Sig.

<0.05

Some College or Associate Degree
Income
STD
N
STD
(Mean)

t

p-value <0.05

N

Income
(Mean)

2007

489

37,538.45

21,706.55

15024

45,669.86

30,281.93

1.96

0.000

Sig

2011

398

38,559.80

30,599.90

12683

47,989.25

32,377.11

1.97

0.000

Sig.

2015

470

46,489.57

37,178.25

13658

54,493.40

38,347.41

1.96

0.000

Sig

t

Sig.

<0.05

Bachelor or Above Bachelor
Income
STD
N
STD
(Mean)

N

Income
(Mean)

2007

190

48,484.74

31,894.32

3258

51,298.71

40,279.05

1.97

0.246

Not

2011

149

46,385.23

28,730.28

2565

55,403.24

46,290.14

1.97

0.000

Sig.

2015

170

66,420.59

57,391.15

2766

62,529.65

50,997.47

1.97

0.389

Not

* Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table H.

5.5. Education Level Analysis Based on Gender - Higher Education and The Average
Income of Gender Groups
To investigate if higher education brings a significantly higher income for both women and
men in A&E and construction professions, the independent t-test was conducted. The results for
women and men in A&E and construction occupations are provided in the following sections.
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5.5.1. Higher Education and The Average Income of Gender Groups in A&E Occupations
The t-test results for higher education and the average income of women and men in A&E
occupations are summarized in Tables 38 and 39, respectively. It shows two comparisons: 1) the
result of the difference between the average income of women (men) with “below bachelor”
degrees and the average income of women (men) with “bachelor” degrees; 2) the result of the
difference between the average income of women (men) with “bachelor” degrees and the average
income of women (men) with “above bachelor” degrees.
Based on the calculated p-values, both women and men earned significantly different with
a higher education degree in A&E occupations. In other words, the average income of women (or
men) with a Bachelor’s degree was significantly different from women (or men) with below a
Bachelor’s degree. Likewise, the average income of women (or men) with above a Bachelor’s
degree was also significantly different from the average income women (or men) with Bachelor’s
degrees.
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Table 38. Statistical Analysis Results for The Average Income of Women with Higher
Education in A&E Occupations *
Women

2007

Below Bachelor
Income
N
STD
(Mean)
1042 39,674.86 22,535.94

884

Bachelor
Income
STD
(Mean)
55,921.49 32,574.16

1.96

0.000

Sig.

2011

701

42,253.64

22,758.07

640

61,612.66

39,519.42

1.96

0.000

Sig.

2015

752

50,276.86

24,360.93

827

72,994.07

43,116.82

1.96

0.000

Sig.

2007

884

Bachelor
Income
STD
(Mean)
55,921.49 32,574.16

2011

640

61,612.66

N

39,519.42

N

Above Bachelor

Independent t-test
pt
<0.05
value

Independent t-test
pt
<0.05
value

N

Income
(Mean)

STD

431

63,559.40

36,423.52

1.96

0.000

Sig.

364

69,366.76

41,362.71

1.96

0.004

Sig.

42,757.80
1.96
0.001
Sig.
827 72,994.07 43,116.82 484 80,806.61
* Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table I.
2015
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Table 39. Statistical Analysis Results for The Average Income of Men with Higher
Education in A&E Occupations *
Men

2007

Below Bachelor
Income
N
STD
N
(Mean)
5688 51,792.19 27,987.60 4122

Bachelor
Income
STD
(Mean)
76,816.59 50,525.28

1.96

0.000

Sig.

2011

3936

56,579.60

30,731.74 3025

78,267.77

48,306.77

1.96

0.000

Sig.

2015

4579

63,008.15

37,196.19 3828

89,395.90

61,233.82

1.96

0.000

Sig.

2007

4122

Bachelor
Income
STD
N
(Mean)
76,816.59 50,525.28 1785

2011

3025

78,267.77

N

48,306.77 1214

Independent t-test
pt
<0.05
value

Independent t-test
pt
<0.05
value

Above Bachelor

Income
(Mean)
91,088.40

57,672.30

1.96

0.000

Sig.

92,220.43

59,240.71

1.96

0.000

Sig.

STD

Sig.
3828 89,395.90 61,233.82 1785 106,724.87 74,238.48 1.96 0.000
* Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table I.
2015

5.5.2. Higher Education and The Average Income of Gender Groups in Construction
Occupations
The t-test results for higher education and the average income of women and men in
construction occupations are outlined in Tables 40 and 41, respectively. It shows two comparisons:
1) the result of the difference between the average income of women (men) with “high school or
below high school” degrees and the average income of women (men) with “some college or
associate” degrees; 2) the result of the difference between the average income of women (men)
with “some college or associate” degrees and the average income of women (men) with “bachelor
or above bachelor” degrees.
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Table 40. Statistical Analysis Results for The Average Income of Women with Higher
Education in Construction Occupations *

High School or Below High
School
Income
N
STD
(Mean)

Women
Some College or Associate’s
Degree
Income
N
STD
(Mean)

Independent t-test
t

pvalue

<0.05

2007

886

31,990.63

27,740.49

489

37,538.45

21,706.55

1.96

0.000

Sig.

2011

535

31,842.24

25,399.15

398

38,559.80

30,599.90

1.96

0.000

Sig.

2015

577

38,621.49

29,518.09

470

46,489.57

37,178.25

1.96

0.000

Sig.

Some College or Associate’s
Degree
Income
N
STD
(Mean)

Bachelor or Above Bachelor

Independent t-test

N

Income
(Mean)

STD

t

pvalue

<0.05

2007

489

37,538.45

21,706.55

190

48,484.74

31,894.32

1.97

0.000

Sig.

2011

398

38,559.80

30,599.90

149

46,385.23

28,730.28

1.97

0.006

Sig.

2015

470

46,489.57

37,178.25

170

66,420.59

57,391.15

1.97

0.000

Sig.

* Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table J.
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Table 41. Statistical Analysis Results for The Average Income of Men with Higher
Education in Construction Occupations *

High School or Below High
School
Income
N
STD
(Mean)

Men
Some College or Associate’s
Degree
Income
N
STD
(Mean)

2007

38706

37,504.12

27,223.59

15024

45,669.86

2011

28366

39,152.95

26,718.72

12683

2015

29118

44,237.26

32,524.30

13658

Some College or Associate’s
Degree
Income
N
STD
(Mean)

Independent t-test
t

pvalue

<0.05

30,281.93

1.96

0.000

Sig.

47,989.25

32,377.11

1.96

0.000

Sig.

54,493.40

38,347.41

1.96

0.000

Sig.

Bachelor or Above Bachelor

Independent t-test

N

Income
(Mean)

STD

t

pvalue

<0.05

2007

15024

45,669.86

30,281.93

3258

51,298.71

40,279.05

1.96

0.000

Sig.

2011

12683

47,989.25

32,377.11

2565

55,403.24

46,290.14

1.96

0.000

Sig.

2015

13658

54,493.40

38,347.41

2766

62,529.65

50,997.47

1.96

0.000

Sig.

* Note: All results are the same based on adjusted p-value with Bonferroni and Holm method.
More information is provided in Appendix V, Table J.

Based on the calculated p-values, both women and men earned significantly different with
a higher education degree in construction occupations. That is, the average income of women (or
men) with “some college or associate’s degree” was significantly different from women (or men)
with “high school or below high school” educations. Likewise, the average income of women (or
men) with “bachelor or above bachelor” degrees was also significantly different from the average
income women (or men) with “some college or associate’s degree.”
5.6. Summary of Education Level Analysis
The main purpose of this chapter was to investigate the gender and racial/ethnic wage gaps
and differences by controlling for the education level of the workforce during the sample years.
179

Additionally, the researcher tested if the higher education level for each group of WUMs leads to
a statistically significant higher incomes when compared to the same WUM group with a lower
education level. The following section summarizes the findings of the education level analysis.
Minorities in The AEC Occupations
The main findings for HISPs and AAs in the A&E occupations are summarized as follows:
1. The lowest racial/ethnic wage gap for both the HISPs and the AAs is observed among the
most educated group (above bachelor degrees), and the wage gap decreased in the more
recent sample years (2011 to 2015). However, this lower wage gap only applies to a small
share of minorities, and only around 16% of HISPs and AAs had “above bachelor degrees”
in 2015.
2. The HISP-WNH wage gap in A&E mainly originated from HISPs with “bachelor degrees”
(almost 35% of the HISP workforce). Although the wage gap for this group decreased, it
was still statistically significant in 2015.
3. The AA-WNH wage gap in A&E originated from the AAs with a “bachelor” and “below
a bachelor” degrees (almost 85% of the AAs). Moreover, the wage gap for “bachelor” and
“below bachelor” increased in the most recent sample years, which requires the industry’s
attention.
4. The higher racial/ethnic wage gap for “bachelor” level than the wage gap for “below
bachelor” level for both AAs and the HISPs can be problematic in motivating minorities
to get a 4-year college education.
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5. To sum up, it can be concluded that although workers with higher education (a bachelor’s
degree) get paid significantly different for both HISPs and AAs, higher education does not
close the racial/ethnic wage gap in A&E jobs.
The main findings for HISPs and AAs in construction occupations are summarized as follows:
1- There was a significant racial/ethnic wage gap (HISP-WNH and AA-WNH) in the
construction occupations after controlling the education level of the workforce.
2- The HISP-WNH wage gap mainly originated from the least educated HISPs (wage gap
equal to 31%) who made up almost 80% of the HISP construction workforce. The lowest
HISP-WNH wage gap was among the workforce with “some college education or
associate’s degrees,” who have been recognized as “jacks of all trades.” Interestingly, the
HISP-WNH wage gap was not the least for the most educated HISPs, and the wage gap
increased over the study years.
3- The AA-WNH wage gap was the least for the least educated AAs (wage gap equal to 16%),
who make up almost 60% of the AA workforce. Surprisingly, the AA-WNH wage gap was
the highest (wage gap equal to 21%) for those AAs with “some college or associate
degrees,” who were almost one-third of the AA workforce, and the wage gap had an
increase.
4- To sum up, it can be concluded that higher education pays more for both AAs and HISPs
in construction occupations. However, while higher education may decrease the HISPWNH wage gap, it may not help in reducing the AA-WNH wage gap in construction
occupations, since the AA-WNH wage gap increased with higher educational attainment.
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Women in The AEC Occupations
The main findings for the gender wage gap in A&E occupations are outlined as follows:
1- There was a statistically significant difference between the average income of women and
men when controlling the workforce education in all education groups for all sample years.
2- The highest gender wage gap was for the most educated women (gender wage gap equal
to 24.15%) and it increased during the recovery time. On the contrary, the gender wage
gap was the lowest (equal to 17.91%) for the least educated women and had been
decreasing over the study years.
3- Although the gender wage gap for women with “bachelor” education decreased
continuously, the wage difference between women and men with Bachelor’s degrees was
still statistically significant.
4- The gender wage gap for women with “below bachelor” and “bachelor” education level in
2015 was almost the same (for below bachelor: 17.96% and for bachelor: 17.91%). This
condition is not supportive of encouraging women with below Bachelor’s educations to get
their Bachelor's degrees and join or stay in the industry.
5- Although higher education (either bachelor or above bachelor) paid significantly different
for women, it did not close the gender wage gap in the A&E occupations. Besides, the
gender wage gap further increased when the share of women with “above bachelor”
degrees increased. This is perhaps an area that requires the industry’s attention.
The main findings for women in the construction industry are summarized as below:
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1- There was a significant gender wage difference for women with lower than a Bachelor's
education. Therefore, almost 86% of women earned significantly different from men when
the analysis was performed controlling for education level.
2- The gender wage gap was the lowest for the most educated women (with at least a
bachelor's degree or higher degrees) and decreased during the study years. Therefore, in
2015, there was almost no gender wage gap (and no statistically significant difference) for
highly educated women in the construction industry.
3- The highest gender wage gap was for women with “some college education or associate’s
degree” and was equal to almost 15% (except in 2011), and this did not change
considerably during the sample years. This finding is not supportive of encouraging women
with a high school or lower education (who make up the majority of the women in the
construction workforce) to get some college education.
4- Encouraging women to get at least a Bachelor’s degree seems promising in closing the
gender wage gap in the construction industry.
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Chapter 6.

Spatial Analysis

6.1. Introduction
The main propose of this chapter is to investigate the gender wage gap spatially. A single
indicator of the overall gender wage gap as a national average in AEC occupations masks regional
variations of the wage gap across the states. Therefore, the researcher aimed to include the
geography (or location) as an extra variable to measure the gender wage gap in the United States.
Finding spatial variations and spatial patterns of the gender wage gap can inform policymakers
and industry experts to better understand the workforce status, take action to reduce the wage
disparities, and prevent loss of a labor force who are willing to migrate to nearby states, where
they provide higher-paying jobs for women and have less gender wage disparities. Moreover, the
researcher aimed to test if there are similar attributes in terms of workforce education and the
women’s share for the states with a lower gender wage gap than the national average. The main
research questions are:
1. Does the gender wage gap vary across states in the AEC occupations?
2. Is there a global and local spatial autocorrelation of the gender wage gap in the AEC
occupations in the U.S.?
3. What are the similar attributes of states with a lower (higher) gender wage gaps than the
national average in AEC occupations?
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6.2. Geographical Distribution of The Gender Wage Gap in the A&E and Construction
Occupations (Box Maps)
In this part of the study, the gender wage gap in each state was calculated in A&E and
construction occupations for the sample years of the study. After that, box maps were plotted,
illustrating the gender wage gap on a map, with respect to the four quartiles, as well as extreme
values (outliers) if there were any. The research question for this part is:
1- Does the gender wage gap vary across states in the AEC occupations?
The null hypothesis and the alternative hypothesis (research hypothesis) are:
-

Null: The gender wage gap is the same in different states in the AEC occupations.

-

Alternative: The gender wage gap varies in the AEC occupations by state.

The box maps of the gender wage ratio (ratio of the average income of women to the average
income of men) for A&E and construction occupations are provided in the following section.
A&E Occupations
Statistical information for the gender wage ratio in A&E occupations including minimum,
maximum, median, mean, and standard deviation, is summarized in Table 42.

Table 42. The Statistical Measures of Gender Wage Ratio in A&E Occupations

Minimum
Maximum
Median
Mean
Standard Deviation

2007
0.46
1.47
0.74
0.77
0.16
185

2011
0.42
1.55
0.78
0.80
0.19

2015
0.48
1.20
0.80
0.81
0.17

It can be observed from the values in Table 42 that there was a considerable variation in
the gender wage ratio in A&E occupations. For instance, considering the latest sample year (2015),
the minimum and maximum value of the gender ratio was 0.48 (indicating women earned 52%
less than men) and 1.20 (indicating women earned 20% more than men). Therefore, it is essential
to locate the states relative to their gender wage ratio (or gap). The box maps in Figures 51 to 53
describe the overall spatial distributions of the gender wage ratios (female to male) in A&E for
three sample years: 2007, 2011, and 2015.

Figure 51. Box Plot Map for Gender Wage Ratios in A&E Occupations in 2007
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Figure 52. Box Plot Map for Gender Wage Ratios in A&E Occupations in 2011

Figure 53. Box Plot Map for Gender Wage Ratios in A&E Occupations in 2015
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There was one lower outlier in 2007 (New Mexico), two in 2011 (North Dakota and New
Mexico), and no lower outlier in 2015. The identified lower outliers are the states with the highest
wage gaps (measured by the lowest wage ratios) across the U.S. Three upper outliers existed in
2007 (West Virginia, Delaware, and Mississippi), and there were three different states as upper
outliers in 2011 (New York, District of Columbia, and Vermont). However, there were no upper
outliers in 2015. Although the upper outliers in 2007 are not neighbors, all three of the upper
outliers in 2011 are neighbors. The upper outliers on the maps are the states with the lowest wage
gaps (measured by the highest wage ratios) across the U.S. None of the outliers (upper or lower)
were common across all three sample years.
To better understand which states underwent an increase in the gender wage gap during the
Recession, the researcher found that there were 16 states (NV, MT, MN, ND, SD, MS, FL, ME,
NJ, NC, DE, KY, WV, WY, and AL) that experienced an increase in the gender wage gap from
2007 to 2011. Although relating an increase in the gender wage gap to the impact of the Recession
requires more advanced statistical analysis (implementing econometric models), the researcher
speculates that the adverse impact of the Recession on the AEC industry can partly explain the
increase in the gender wage disparities in A&E occupations. Surprisingly, only five states (MT,
SD, DE, KY, and AL), out of the 16 states that had an increase in their wage gaps, fully improved
the gender wage disparities (relative to the gender wage gap in 2007) during the recovery time in
2015. This finding can highlight how the impact of an economic downturn on women in A&E
professions can lead to a prolonged recovery of their average incomes.
Construction Occupations
Statistical information for the gender wage ratio in the construction occupations including
minimum, maximum, median, mean, and standard deviation is summarized in Table 43.
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Table 43. The Statistical Measures of Gender Wage Ratio in Construction Occupations
2007

2011

2015

Minimum

0.29

0.40

0.27

Maximum

1.16

1.47

1.49

Median

0.83

0.82

0.85

Mean

0.81

0.86

0.86

Standard Deviation

0.20

0.24

0.24

It can be observed from the values in Table 43 that there is considerable variation in the
gender wage ratio in construction occupations similar to A&E jobs. For instance, considering the
latest sample year (2015), the minimum and maximum value of the gender ratio was 0.27
(indicating women earned 73% less than men) and 1.49 (indicating women earned 49% more than
men). Therefore, it is essential to locate the states relative to their gender wage ratios (or gap). The
spatial distribution patterns of the gender wage ratio (female to male) in construction occupations
are shown in the box plot maps, through Figures 54 to 56.

189

Figure 54. Box Plot Map for Gender Wage Ratios in Construction Occupations in 2007

Figure 55. Box Plot Map for Gender Wage Ratios in Construction Occupations in 2011

Figure 56. Box Plot Map for Gender Wage Ratios in Construction Occupations in 2015
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In 2007, there existed two lower outliers (high gender wage gaps), including Maine and
Rhode Island. Although there was no upper outlier (low gender wage gap) in 2007, two upper
outliers could be seen in 2011, including Oregon and South Dakota. Surprisingly, both Oregon and
South Dakota were in the range of the lower quartile before the Recession and during the recovery
period, but they were upper outliers in the middle of the economic Recession in 2011, which hit
the construction industry tremendously. In 2015, there was no upper or lower outlier. Considering
the box maps for gender wage ratios in the construction industry (Figure 57 to 59), it can be
observed that different states responded differently in terms of gender wage ratios. For instance,
Maine was observed to have a lower gender wage gap in 2011 (gender wage ratio between 0.819
and 1.00 during the Recession) than 2007 (gender wage ratio between 0.29 and 0.35 before the
Recession). In contrast, some states like North Dakota followed the general trend of an increase in
the gender wage gap, as Choi et al. also found in their studies (Choi et al., 2018; Shrestha, Choi,
Shrestha, Lim, & Nikkhah Manesh, 2020). Moreover, comparing the overall gender wage gap in
the United States, equal to 20% (Fontenot et al., 2018), with the median value of gender wage ratio
in the construction occupations (0.83, 0.819, and 0.846 in 2007, 2011, and 2015, respectively), it
can be noted that the gender wage gap in almost half of the states is higher than 20%, similar to
A&E occupations, as was discussed previously.
To better understand the impact of the Recession on the gender wage gap in construction
occupations, the researcher found that there were 22 states (WA, WV, CA, PA, AZ, CT, NM, IN,
TX, SC, OK, KS, ND, MN, VA, NH, NV, CO, IA, MO, IL, LA, and AL) that had an increase in
the gender wage gap during the Recession time. Although explaining this increase in the gender
wage gap with merely the impact of the Recession requires more advanced statistical analysis, as
mentioned before, the researcher speculates that the severe impact of the Recession on the
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construction industry can partly explain the increase in the gender wage gap. Surprisingly, only
eight states (PA, AZ, CT, SC, NV, CO, IL, and AL) out of the 22 states that had an increase in
their wage gaps, fully improved gender wage disparities (relative to the gender wage gap in 2007)
during the recovery time in 2015. This finding can call attention to the more adverse impact of the
economic downturn on construction occupations than A&E jobs, and highlight the prolonged
recovery of the gender wage gaps in the impacted states.

6.3. Global Spatial Autocorrelation of The Gender Wage Gap in the A&E and Construction
Occupations
This part of the study is aimed to answer the following research question:
-

Is there a global spatial autocorrelation of the gender wage gap in the AEC
occupations in the U.S.?

To answer this question, the following null hypothesis was set:
-

There is no global spatial autocorrelation for the gender wage gap in the AEC
occupations across the U.S.

The research (alternative) hypothesis is as below:
-

There is a global spatial autocorrelation for the gender wage gap in the AEC
occupations across the U.S.

The following section provides the results of the Global Moran’s I test in A&E and
construction occupations to investigate the presence of global spatial autocorrelation.
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A&E Occupations
As discussed earlier, the Global Moran’s I statistic is employed to test the null hypothesis
of spatial randomness in the distribution patterns of wage ratios at the global level, among all of
the sample states in this study. A significant pseudo p-value of the estimated Moran’s I statistics
(less than 0.05) rejects the null hypothesis and accepts the alternative hypothesis of spatial
association or spatial autocorrelation in wage ratios. Table 44 shows the test results of the estimated
Moran’s I, with pseudo-p-values.

Table 44. Moran's I statistic for global spatial autocorrelation (A&E)
Year
2007
2011
2015

Moran’s I Statistics
-0.0077
0.0016
-0.0149

Pseudo P-Value
0.427
0.393
0.448

The results of the Moran’s I statistics and p-values suggest that there is no evidence to
reject the null hypothesis at a 5% significance level since the p-values in all of the sample years
are higher than 0.05. Therefore, it can be concluded that there is no global spatial autocorrelation
in the gender wage ratios in A&E occupations, and the spatial distribution of wage ratios is random.
However, one study explored the geography of the gender wage gap through the Great Recession,
and it was found that the Recession exacerbated the gender wage gap in many western metros
(Goodwin-White, 2018). Nevertheless, the spatial analysis of the gender wage gap in A&E
occupations does not indicate any clustering in western states. This highlights the importance of
analyzing the geography of the gender wage gaps separately for different occupation groups.
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Additionally, considering a study on the overall gender wage gap in the United States found it
could be equal to 20% (Fontenot et al., 2018), the gender wage gap within A&E occupations could
be lower or higher than 20% depending on different states. With the median of gender wage ratio
equal to 0.743, 0.779, and 0.779 in 2007, 2011, and 2015, respectively, it can be concluded that
almost half of the states have more than a 20% gender wage gap in A&E professions.
Construction Occupations
Similar to the global spatial autocorrelation analysis performed for the gender wage ratio
in A&E occupations, the same analysis was conducted for the gender wage ratio in construction
occupations to test whether the pattern of the gender wage ratio in construction occupations is
random (null hypothesis). Table 45 exhibits the estimated Moran’s I statistics, with pseudo-pvalues.

Table 45. Moran's I statistic for global spatial autocorrelation (Construction)
Year
2007
2011
2015

Moran’s I Statistics
-0.1278
-0.0241
-0.0874

Pseudo P-Value
0.125
0.472
0.138

The pseudo-p-values for all three years are higher than the 5% significance level.
Therefore, the null hypothesis of random spatial distribution at a global level cannot be rejected.
Consequently, it can be concluded that the spatial pattern of the gender wage ratio in construction
occupations is random, and there is no global spatial autocorrelation at a 5% significance level.
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Contrary to the findings of the study indicating the western metros were observed to have a higher
gender wage gap during the Recession (Goodwin-White, 2018), such a pattern of clustering is not
present within the construction occupations during the Recession. In other words, the global spatial
autocorrelation test did not prove any clustering of the gender wage ratio in the construction
industry in 2007.
6.4. Local Spatial Autocorrelation of The Gender Wage Gap in the A&E and Construction
Occupations
It was discussed in the research methodology that the absence of global spatial
autocorrelation does not necessarily mean there are no spatial clusters and/or outliers at the local
level. Therefore, performing a local-level analysis is necessary to detect local spatial distribution
patterns. Therefore, this part of the study is aimed to answer the following research question:
-

Is there a local spatial autocorrelation of the gender wage gap in the AEC occupations
in the U.S.?

To answer this question, the following null hypothesis was set:
-

There is no local spatial autocorrelation for the gender wage gap in the AEC
occupations across the U.S.

The research (alternative) hypothesis is as below:
-

There is a local spatial autocorrelation for the gender wage gap in the AEC occupations
across the U.S.

The following section provides the results of the Local Moran’s I test or [Local Indicators
of the Spatial Association (LISA)] in A&E and construction occupations to investigate the
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presence of all four types of local spatial autocorrelation including clusters (high-high or low-low)
and outliers (low-high and high-low).
A&E Occupations
Although the results, at a global level of analysis, show no statistical evidence to support
the presence of global spatial autocorrelation, LISA values show the presence of spatial outliers
and clusters in all sample years. The LISA maps in Figures 57 to 59 show the local clusters and
outliers among state-level neighbors at a 5% significance level for gender wage ratios in A&E
occupations.

Figure 57. LISA map for gender wage ratios in A&E occupations in 2007
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Figure 58. LISA map for gender wage ratios in A&E occupations in 2011

Figure 59. LISA map for gender wage ratios in A&E occupations in 2015
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In 2007, there were four core states of low-low clusters, which were Colorado, Kansas,
Oklahoma, and Texas. The neighbors of these core states were also part of the low-low clusters,
including Nebraska, Wyoming, Utah, New Mexico, Arizona, Missouri, Arkansas, and Louisiana.
Therefore, the value of the wage ratio (female to male) is low in the core of these clusters, which
are also surrounded by neighbors with low values of wage ratios. The identified low-low clusters
are in the region where the high wage gap against female workers is geographically concentrated.
There was also one low-high outlier in 2007, which was Alabama, meaning that the attribute
variable (wage ratio) in Alabama was low (high gender wage gap), whereas it was surrounded by
neighboring states (Tennessee, Mississippi, Georgia and Florida) with high values of wage ratios
(low gender wage gaps).
In 2011, similar to 2007, there existed both low-low clusters and low-high outliers.
Montana was the core of the low-low cluster, with its surrounding neighbors, including North
Dakota, South Dakota, Wyoming, and Idaho. Therefore, Montana was a state with a low wage
ratio, which was also enclosed by states with the same attributes. In other words, in the low-low
cluster, with Montana as a core state, a high wage gap in A&E occupations against female workers
was geographically concentrated. In 2011, Massachusetts was the low-high outlier, meaning that
the wage ratio was low (high gender wage gap) in Massachusetts. However, its neighbors (New
Hampshire, New York, Rhode Island, Connecticut, and Vermont) had high wage ratios (low
gender wage gaps).
The LISA map for 2015 indicates the presence of both low-low and high-high clusters.
Utah was the core of the low-low cluster, in which the wage ratio was low (high gender wage gap)
and was surrounded by neighbors that shared similar attributes. On the contrary, Maryland was the
core of the high-high cluster. The wage ratio in Maryland was high (low gender wage gap), and it
198

was also surrounded by neighbors (Delaware, Virginia, West Virginia, and Pennsylvania) with
high wage ratios. Although there had not been any high-low outliers either before or during the
Great Recession (years 2007 and 2011, respectively), there existed two high-low outliers during
the recovery period in 2015. South Dakota was the core state of a high-low outlier. South Dakota
had a high value of wage ratio (low gender wage gap), but it was surrounded by neighbors that had
low wage ratios (high wage gap). Another core state of a high-low outlier in 2015 was Montana.
It is interesting to note this rapid change in Montana; although Montana was the core of the lowlow cluster in 2011, it became the core of the high-low cluster during the recovery period in 2015.
Therefore, Montana had a high wage ratio (low wage gap). However, its neighbors (North Dakota,
South Dakota, Wyoming, and Idaho) had low wage ratios (high wage gaps).
Determining the reasons for the spatial patterns change over time is not the scope of this
study, as mentioned earlier. However, some anecdotal evidence can help practitioners to
understand why such spatiotemporal changes exist, such as the one found in Montana. Again, this
is not the result of formal testing. Between 2011 and 2015, Montana and its four neighboring states
(North Dakota, South Dakota, Wyoming, and Idaho) had experienced rapid growth in construction
labor market according to BLS’s annual sectoral employment estimations. Among the five states,
Montana had a lower growth at 16.7%, compared to other states: Idaho (61.5%) and South Dakota
(41.1%). For the 2011-2015 period, the relatively small and sluggish construction labor market in
Montana might have lost its construction labor force to its closest neighbors with the larger and
more booming construction activities (e.g., North Dakota, South Dakota, and Idaho). This might
have resulted in a shortage of local labor supply in Montana’s constriction industry, and motivated
the industry to pay higher wages to latent (and/or currently not in the labor force due to a
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discouraging worker effect due to low wage levels) female workers to bring them out to
construction jobs.
Construction Occupations
The local level analysis of the gender wage ratio in construction occupations can detect the
presence of regional clusters and/or outliers, although it was confirmed there was no global spatial
autocorrelation in the pattern of gender wage ratio in construction occupations for all sample years.
Figures 60 to 62 portray local clusters and/or outliers among state-level neighbors, at 5%
significance.

Figure 60. LISA map for gender wage ratios in construction occupations in 2007
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Figure 61. LISA map for gender wage ratios in construction occupations in 2011

Figure 62. LISA map for gender wage ratios in construction occupations in 2015
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In 2007, Oklahoma and New Mexico were the cores of high-high clusters. This means that
Oklahoma had a high wage ratio (low gender wage gap) and was also surrounded by neighbors
with similar attributes. Therefore, the wage ratios in Oklahoma’s neighbors (Texas, Colorado,
Kansans, Missouri, New Mexico, and Arkansas) were also high (low gender wage gaps). Similar
to Oklahoma, the value of the wage ratio was high in New Mexico (the core of high-high cluster),
and its neighbors (Utah, Arizona, Texas, Colorado, and Oklahoma) also had high values of wage
ratios, indicating low gender wage gaps in these states. It was also observed that the core of highhigh clusters, Oklahoma and New Mexico, are also neighbors of each other. One high-low outlier
was observed in 2007, which was New Hampshire. This means that although the value of the wage
ratio was high in New Hampshire (low gender wage gap), the value of the wage ratios in its
neighbors (Maine, Vermont, and Massachusetts) were low, which indicates high gender wage gaps
in the neighboring states. There was also one low-high outlier in 2007, which was Maine. The
value of the wage ratio was low (a high gender wage gap) in Maine, whereas its neighbor, New
Hampshire, had a high value of the wage ratio (low gender wage gap).
In 2011, there was one core high-high cluster, which was Idaho. Therefore, the value of
the wage ratio in Idaho and its neighbors (Montana, Wyoming, Utah, Nevada, Oregon, and
Washington) were high. Maine and Illinois were the cores of the low-low clusters in 2011. The
value of the wage ratio was low in Maine, and its only neighbor (New Hampshire) had a similar
attribute. Similarly, Illinois also had a low value of the wage ratio, and its neighbors (Wisconsin,
Indiana, Kentucky, Missouri, and Iowa) did also. Four low-high outliers were observed in 2011,
including Nevada, Wyoming, Washington, and North Dakota. Nevada was one of the low-high
outliers, meaning that although the value of the wage ratio was low in Nevada (high gender wage
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gap), it was surrounded by neighbors, including Oregon, Utah, Idaho, California, and Arizona, in
which the values of the wage gap were high (low gender wage gaps).
Similarly, the value of the wage ratio was low in Washington (the core of a low-high
outlier), but it was surrounded by neighbors (Idaho and Oregon) with low values of the wage gap.
Likewise, the value of the wage gap in Wyoming was low. However, it was surrounded by
neighbors (Idaho, Utah, Montana, Colorado, Nebraska, and South Dakota) with high values.
Finally, North Dakota was another core of low-high outliers. Therefore, although the value of the
wage ratio was low in North Dakota, it was surrounded by neighbors (Montana, Minnesota, and
South Dakota), which had high values.
In 2015, all types of clusters and outliers could be observed. Montana, North Dakota, and
Minnesota were the cores of the low-low clusters. Therefore, the values of wage ratios in these
three states and their associated neighbors (Montana neighbors: Idaho, Wyoming, North Dakota,
and South Dakota; North Dakota neighbors: Montana, Minnesota and South Dakota; and
Minnesota neighbors: North Dakota, South Dakota, Iowa, and Wisconsin) were low. There were
four high-high clusters in 2015, including, Arizona, New York, Rhode Island, and Connecticut.
Arizona and its neighbors (Nevada, California, New Mexico, and Utah) shared similar variable
attributes, high wage ratios (low gender wage gaps). New York was another high-high cluster state.
Therefore, the value of the wage ratios in New York and its neighbors (Connecticut, Pennsylvania,
Vermont, Massachusetts, and New Jersey) were high. Likewise, Connecticut and its neighbors
(New York, Rhode Island, and Massachusetts) also had high values of wage ratios. Finally,
Massachusetts and Connecticut, which are neighbors of Rhode Island, also had high values of
wage ratios. It can be noted that among the four high-high clusters, New York, Rhode Island, and
Connecticut are all located in the northeastern U.S. However, the only high-low outlier, which was
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Maine is located in the same region. Therefore, although the value of the wage ratio was high in
Maine, its only neighbor (New Hampshire) had a low value of the wage ratio.
One of the interesting observations in the clusters and outliers overtime in construction
occupations is the trend of Maine. Maine showed up across all sample years, being a Low-High in
2007, a Low-Low in 2011, and finally a High-Low in 2015. According to the statistics for Maine,
the Recession caused massive displacement in construction occupations, caused wage stagnation
for those who continued to work in these fields and also led to many workers working in lowerpaying jobs. This trend in the loss of construction jobs continued until 2012 (Maine Department
of Labor). In addition to this piece of information, according to the data source of this study,
women’s average income in construction occupations decreased by 34% from 2007 to 2011.
However, in 2007, the only neighbor of Maine, New Hampshire, was booming in construction
projects, due to hospital construction projects equal to $178.1 million. The author speculates that
one of the possible reasons that the gender wage gap was low in New Hampshire in 2007 and high
in Maine could be because of these construction projects, providing numerous opportunities for
women as well. Therefore, it could be a possibility that women in Maine moved to New Hampshire
seeking higher-paying jobs. Nevertheless, in 2011, the hospital projects were finished and were
not an option for women workers. Therefore, Maine became a low-low cluster, indicating both
Maine and New Hampshire were the states in which women were paid significantly lower than
men, compared to the national average.
However, and interestingly, Maine became a High-Low outlier in 2015, indicating the
gender wage gap was statistically lower than its only neighbor, New Hampshire. There has been
some anecdotal evidence for this rapid change. Some reports about Maine have indicated that
Maine is suffering from a labor shortage, driving up construction costs. As a result, the construction
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industry is reaching out to women and providing them well-paying positions (Flaherty, 2018),
which in turn can decrease the gender wage gap. This could be a potential reason that Maine
became a high-low outlier in 2015. It should be noted that this possible reason for the change in
Maine has not been formally tested using econometric models, and is just a speculative discussion
with anecdotal evidence.
In addition to analyzing some of the temporal changes in local-level output, like Maine,
combining the results of LISA maps with the findings of Monooie et al. (2017) about states with
high labor demand can be beneficial. Through their study, future labor demands in different states
were studied, and some states were found to face severe labor shortages in some construction
professions, such as electricians, welders, and pipefitters (Monooie et al., 2017). Considering the
labor shortage in some states, besides the higher gender wage gap states, which were higher than
neighboring states or the national average, women undergoing considerably lower income than
their male counterparts might migrate to states with high labor demand, seeking better pay and
more equal opportunities. Although at first glance, this might seem to be a reasonable response to
the labor shortage issue, this will have a negative impact on the industrial activities of states that
cannot afford higher wages to attract relevant skillsets.
The lower outliers in A&E occupations are not in common with the lower outliers in
construction occupations; this is also true when considering upper outliers. Therefore, the
geography of the gender wage gap in A&E occupations differs from construction occupations,
when considering the extreme values from the outlier maps. Surprisingly, there are no upper or
lower outliers in either A&E or construction occupations in 2015.
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The results of this study indicate that the spatial distributions of the gender wage gap in
construction and A&E occupations are random globally. However, the spatial patterns of the
gender wage gap for different races and ethnicities of females might exhibit different patterns.
Therefore, the researcher suggests studying the spatial distributions of women of color (Hispanics
and African Americans) separately from White non-Hispanics, to determine whether there is any
spatial autocorrelation at a global level for women of color in the United States.
Low-low clusters were more dominant in A&E occupations in 2007 compared with 2011
and 2015. Additionally, although there did not exist any high-low outliers or high-high clusters in
2007 or 2011, there existed two high-low outliers and one high-high cluster in 2015 in A&E
occupations. Considering construction occupation LISA maps in the sample years, the presence of
the low-high outliers in 2011 (the recession period) is quite apparent. This indicates that women
working in construction occupations in low-high states were impacted more, compared with those
in neighboring states, in terms of experiencing higher gender wage gaps. However, in 2015, the
presence of clusters (both low-low and high-high) was more dominant.
The researchers are mindful that determining the reasons behind each change in the spatial
status of every state over the sample years is beyond the scope of this study. However, determining
some of the potential reasons for sudden shifts, for example, the change in Montana from being a
low-low cluster in 2011 to a high-low outlier in 2015 in A&E occupations, or the change in Maine
from being a low-high in 2007 to low-low in 2011 and high-low in 2015, can provide meaningful
insight to better understand the gender wage gap and how it can be affected by construction
industry ups and downs, equal pay legislation, and other factors in the state of interest and its
neighbors. Therefore, the researchers suggest further study to determine whether there is any
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connection between the spatial changes of states over the sample years and when equal pay
legislation was implemented in states.
The findings of this study can also provide some useful insight for human resources
directors in A&E and construction firms. Human resources and Chief Executive Offices (CEOs)
can use the findings to compare the gender wage gaps in their states with neighboring states.
Because the labor shortage is an ongoing issue in construction occupations, it is possible that some
well-paying positions might open up in neighboring states, which could attract women, finally
leading to the migration of some labor resources. Continuous loss of the construction labor force
to surrounding neighboring states would eventually increase overall construction costs in the long
run. Therefore, public policies can be developed to reduce the higher wage gaps than neighboring
states, potentially with some government subsidy to struggling A&E and construction industries
of a state.
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6.5. Gender Wage Gap in The AEC Occupations – Comparison by State, Workforce
Education and Women’s Share (States’ Performance)
To shed light on the possible factors that play a role in the lower level of the gender wage
gap in A&E and construction occupations, the researcher grouped the states into two categories,
including poor performers (states with higher gender wage gaps than the weighted national
average) and well performers (states with lower gender wage gaps than the weighted national
average). Further, the education level of the AEC workforce (regardless of gender and race), and
women’s shares in both groups of states were identified to investigate if there were similar
attributes among well-performers and poor-performers in terms of workforce education and the
women’s share. The following section will elaborate more on the results for A&E and construction
occupations.
A&E occupations
Among fifty states and the District of Columbia (51 locations), 21 states and the District
of Columbia (22 locations) had lower gender wage gaps than the national average. Therefore, in
2015, 22 states were identified as well-performers and 29 states were poor-performers. Among the
22 well-performers, 10 of them had a higher education level than the national average, which
means they have a higher share of the AEC workforce with at least a Bachelor’s degree than the
national average of the AEC workforce, with at least a Bachelor’s degree. In the same fashion, the
number of poor-performers with lower education levels than the national average was identified
(20 states). The full list of states with their gender wage ratios in A&E occupations, their women’s
share, and AEC workforce education is provided in Appendix IV. The pie chart in Figure 63

208

summarizes the education in AEC occupations for poor-performers and well-performers in A&E
occupations.

Figure 63. AEC Workforce Education for Well-Performers and Poor-Performers in A&E

The location of well-performers with higher-educated workforces (than the national
average) and poor-performers with lower-educated workforces is shown in Figure 64.

Figure 64. A&E Gender Wage Gap and The AEC Workforce Education by State
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Although less than half (45%) of well-performers have a higher educated workforce, 69%
of poor-performers have a lower educated workforce. In Chapter 5, it was confirmed that education
alone does not explain away the gender wage gap. Therefore, this could be the reason for observing
that only 45% of states with lower gender wage gaps are also highly-educated. Nevertheless,
considering the poor-performers with a considerably high percentage of the low-educated
workforce (69%), the researcher speculates that low educational levels of the workforce might
bring a higher level of gender wage gaps.
Considering the women’s share among well-performers, 11 states have a higher share of
women in A&E occupations than the national average, and four states have had an increase in the
women’s share compared to the previous sample years (total of 15 location matching women’s
share criteria). In the same fashion, the number of states with a lower women’s share (19) or a
decrease in the women’s share (4) was identified for poor-performers. Figure 65 summarizes the
women’s share in A&E occupations for poor-performers and well-performers in A&E
occupations.

Figure 65. Women’s Share for Well-Performers and Poor-Performers in A&E
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The location of well-performers with high women’s shares (compared to the national
average) and poor-performers with lower shares of women is shown in Figure 66.

Figure 66. A&E Gender Wage Gap and Women’s Share by State

Based on the high percentage of poor-performers with low women’s shares (79%) and the
high percentage of well-performers with high women’s shares (65%), the researcher speculates
that the higher the women’s participation in the A&E occupations, the lower the gender wage gap.
Construction occupations
For construction occupations, in 2015, 22 states were identified as well-performers and 29
states were poor-performers. Among the 22 well-performers, 10 of them had a higher education
level than the national average, which means they have a higher share of the AEC workforce with
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at least a Bachelor’s degree than the national average of the AEC workforce with at least a
Bachelor’s degree. The number of poor-performers with lower education levels than the national
average was 21 states. The full list of states with their gender wage ratios in construction
occupations, their women’s share, and AEC workforce education is provided in Appendix IV. The
pie charts in Figure 67 summarize the education in AEC occupations for poor-performers and wellperformers in construction occupations.

Figure 67. AEC Workforce Education for Well-Performers and Poor-Performers in
Construction

Similar to A&E occupations, only 45% of the well-performers are highly-educated,
indicating other factors could lead to a lower gender wage gap for well-performers, such as culture,
equality in pay regulations, etc. However, 72% of poor-performers have a low-educated
workforce, which possibly indicates that a low-educated workforce can possibly be related to the
higher gender wage gap in construction occupations in those states.
The locations of well-performers with higher-educated workforces (than the national
average) and poor-performers with lower-educated workforces are shown in Figure 68.
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Figure 68. Construction Gender Wage Gap and The AEC Workforce Education by State

Considering the women’s share, among well-performers, six states had a higher share of
women in construction occupations than the national average, and nine states had an increase in
the women’s share compared to the previous sample years (total of 15 location matching women’s
share criteria). For poor-performers, the number of states with lower women’s shares than the
national average in construction jobs was 10, and the number of states that had a decrease in the
women’s share was eight states. Figure 69 summarizes the women’s share in for poor-performers
and well-performers in construction occupations.
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Figure 69. Women’s Share for Well-Performers and Poor-Performers in Construction

The location of well-performers with high women’s shares (compared to the national
average) and poor-performers with lower shares of women are shown in Figure 70.

Figure 70. A&E Gender Wage Gap and Women’s Share by State

214

There is a high percentage of well-performers with high women’s share (68%). Therefore,
the researcher speculates that higher women’s participation in construction occupations can be a
factor in reducing the gender wage gap in the construction industry. However, less than half of the
poor-performers (48%) have low women’s shares in construction occupations, and the author
speculates that there are other factors other than the women’s share for high gender wage gaps in
poor-performers, such as culture, women, and men working in union vs non-union, working hours,
etc.
6.6. Summary of Spatial Analysis
The main purpose of this study was to investigate the spatial variation of the gender wage
gap in the AEC occupations. To study this, the box maps, the global and local Moran’s I tests, and
the states’ performance by women’s share and workforce education were analyzed.
In identifying the geographical distribution of the gender wage gap in A&E and
construction occupations, the researcher confirmed that the gender wage gap in the AEC
occupations varies considerably by state. The aim to provide the box maps was to highlight the
importance of conducting spatial analysis, considering the spatial variation of the gender wage
gap. Moreover, the gender wage gap in A&E occupations varies from the gender wage gap in the
construction occupations in different states.
In the study identifying the global spatial autocorrelation, the results indicated that there
was no global spatial autocorrelation in either A&E or construction occupations in any of the
sample years. Therefore, the is no significant geographical pattern of the gender wage gap in the
AEC occupations, and it is spatially random.
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In the study of local spatial autocorrelation, the LISA maps identified the presence of local
clusters and/or outliers in both A&E and construction occupations. The discussion on some of the
local outliers indicated how labor market growth and the need for the workforce in one state can
have an impact on the gender wage gap, and also on labor shortage.
In studying the sates’ performance by women’s share and workforce education in the A&E
and construction occupations, it was observed that while most of the poor-performers (states with
higher gender wage gaps than the national average) have a lower-educated workforce (than the
national average), less than half of the well-performers have a higher-educated workforce (than
the national average). In other words, while 69% of the poor-performers in A&E and 72% of the
poor-performers in construction are low-educated, the majority of well-performers in both and
A&E and construction are not high-educated, and only 45% of well-performers are high-educated.
Therefore, workforce education is not the only reason behind the lower gender wage gap in wellperformers, and there are other factors such as culture, equal pay legislation, type of jobs that the
AEC industry is providing for women and men, etc. Nevertheless, considering that the majority of
the poor-performers are low-educated, the researcher speculates that the low educational level of
the workforce may play a role in widening the gender wage gap.
Considering the states’ performance by women’s share, it was noted that the majority of
the well-performers had a higher share of women than the national average or an increase in the
women’s share in both A&E (65%) and construction (68%) jobs. Therefore, encouraging women
to join the industry could be a promising strategy in narrowing down the gender wage gap for
poor-performers. Nevertheless, it requires the industry’s attention and the collaboration between
industry and academic institutions to attract and retain women in the AEC industry.
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Chapter 7.

Conclusions and Recommendations

7.1. Introduction
The primary purpose of this research was to investigate, analyze, and understand the gender
and racial/ethnic wage gaps and wage differences within the Architectural, Engineering, and
Construction (AEC) workforce temporally, and to investigate the gender and racial/ethnic wage
differences and wage gaps in general, as well as controlling for the education level of the
workforce. Moreover, the research aimed to study the geographical distribution and the spatiality
of the gender wage gaps in the AEC occupations across the states. The primary research hypotheses
were: 1) the AEC workforce diversity (by gender and race/ethnicity) has improved; 2) gender and
racial/ethnic wage gaps have decreased, but wage differences are still significant, with and without
controlling for education; and wage gaps are lower among the more educated workforce; 3) the
gender wage gap varies considerably across states; there is a global and local spatial
autocorrelation for the gender wage gap in the AEC occupations.
This study fills the gap in knowledge in the area of gender and racial/ethnic wage gaps in
the A&E and construction industry based on the education level of the workforce. Therefore, the
AEC industry can also better understand the target groups of the AEC workforce by the gender,
race/ethnicity, and education level that require the most attention to reduce the wage disparities.
The spatial analysis of the gender wage gap also contributes to the body of knowledge in the area
of regional science, by analyzing the global and local spatial autocorrelation of the gender wage
gap in the AEC industry, which further helps policymakers and AEC industry experts to recognize
the states with higher gender wage disparities, and the states with relatively higher gender wage
gaps than their neighboring states, which may lead to loss of the workforce to the nearby states
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where gender wage gaps are lower. The potential loss of workforce in one state to neighboring
states will exacerbate the labor shortage in that state, which can be challenging for construction
projects by increasing project costs, scheduling problems, and lack of quality in the final product
because of the unavailability of a skilled workforce.
This chapter completes this research by summarizing the findings, providing
recommendations to the industry, reviewing the contribution to the practice and body of
knowledge, and finally suggesting ideas for future research.
7.2. Summary of What Was Learned
From the previous studies, the researcher identified that the AEC industry has encountered
a labor shortage, which is getting worse. Scholars have also suggested that the industry needs to
utilize women and underrepresented minorities (WUMs) to meet the demand. However, studies
have mainly focused on the issues women have in the industry, other than the gender wage gap,
and very few studies were conducted on minorities. Additionally, considering the AEC related
majors in high school and college, women have received more attention than racial/ethnic groups,
and how women’s retention and recruitment can be improved in construction and engineering
programs has been discussed.
What the literature is short on, is how the industry is performing in terms of providing equal
opportunities for the workforce. Although the equal opportunity is a broad term, and applies to
different aspects of the workforce, providing equal compensation for the workforce, regardless of
gender or race/ethnicity, is of paramount importance. For the industry to meet its demand and
attract WUMs, it is essential to provide comparable wages for WUMs relative to the dominant
group, who are males and Whites. The literature needs a study to investigate the gender and
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racial/ethnic wage gaps in the AEC industry. Also missing was the spatial variation of the wage
gaps in the United States. Thus, this research was conducted to assist the industry to better
understand the status of the workforce in terms of gender and racial/ethnic diversity, as well as
gender and racial/ethnic wage gaps, and differences temporally and spatially.
The Simpson’s Diversity Index (SDI) identified that construction occupations are almost
as racially/ethnically diverse as the population of the workforce. However, A&E occupations are
far behind, and both HISPs and AAs are underrepresented in A&E occupations. The racial/ethnic
diversity of the AEC industry has not also changed considerably. The SDI also showed that both
A&E and construction occupations lack gender diversity, and the under-representation of women
in construction jobs is worse than it is in A&E, and has not improved considerably.
In the study investigating the racial/ethnic wage gaps in A&E occupations, it was found
that there was a significant wage difference between the average income of HISPs and WNHs, and
between AAs and WNHs, without controlling for workforce education level. While the HISPWNH wage gap showed a decrease in the wage gap during the sample years, the AA-WNH wage
gap has been increasing. However, controlling for the workforce education level, it was noted that
there was no significant difference between the average income of highly-educated minorities
(HISPs and AAs) with above Bachelor’s degrees and WNHs (with above Bachelor degrees), and
the temporal analysis of the wage gap has been decreasing for highly-educated minorities in A&E
occupations. For minorities with a Bachelor’s degree, there is a significant difference between the
average income of minorities and WNHs with a Bachelor’s education level, and while it has a
decrease for HISPs from 2007 to 2011, and 2015, it has been increasing for AAs across the sample
years. Considering below a Bachelor’s education, the wage difference was significant between
AAs and WNHs and increasing; however, the HISP-WNH wage difference at below a Bachelor’s
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level was not significant and also decreasing. To sum up, more than 85% of AAs (54.5% with
below a Bachelor’s and 29.3% with a Bachelor’s education) have been paid significantly different
from WNHs after controlling for the education level. However, for HISPs, only those with a
Bachelor’s degree, who comprised around 35% of the HISP workforce in A&E occupations, were
getting paid significantly different from WNHs.
In the study investigating the racial/ethnic wage gaps in the construction occupations, there
was a significant difference between the average income of minorities (both HISPs and AAs) even
after controlling for the education level of the workforce. While the overall HISP-WNH wage gap
in the construction has been almost stable (around a 36% wage gap), the AA-WNH wage gap has
been expanding (almost 17% in 2015). Controlling for the workforce education level, it was
observed that the HISP-WNH wage gap is the highest among the least educated workforce, who
have a high school diploma or lower education (wage gap equal to 31% in 2015), and had not
changed considerably. It should be noted that almost 80% of the HISP construction workforce has
a high school diploma or lower education, and improving the HISPs’ education level is essential.
On the contrary, the AA-WNH wage gap is the lowest for the least educated AA workforce (equal
to 16% in 2015), who comprise almost 60% of the AAs construction workforce. The least HISPWNH wage gap is among the “some college or associate’s degree” education level (equal to 21.14
% in 2015) and has been steady, whereas the highest AA-WNH wage gap is for the workforce
with “some college or associate’s degree,” and has been increasing (equal to 21.01 % in 2015).
Surprisingly, and on the contrary to A&E occupations, the lowest wage gap is not for the most
educated minorities, and the wage gap has shown an increase for the most educated HISPs and
AAs (the HISP-WNH wage gap was equal to 23.81%, and the AA-WNH was equal to 18.56% in
2015).
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In the study examining the gender wage gaps in A&E occupations, there was a significant
difference between the average income of women and men, even after controlling for the education
level of the workforce. The gender wage gap has been almost steady in the sample years and was
equal to 19% in 2015. Surprisingly, the gender wage gap in A&E occupations is the highest for
the most educated women and has shown an increase, as the gender wage gap was 24% for women
with above Bachelor’s degree educations. The gender wage gap for women with Bachelor’s and
below Bachelor’s degrees was almost the same, equal to 18%, and has been decreasing
significantly.
In the study analyzing the gender wage gap in the construction occupations, there was a
significant difference between the average income of women and men only in 2011 (wage gap
equal to 8%), and the differences were not significant in 2007 and 2015. Investigating the gender
wage gap controlling for education level, it was identified that the gender wage differences were
significant across all education levels in 2011, and significant for less than a Bachelor’s degree in
2015. Hence, there is no gender wage gap for the most educated women with at least a Bachelor’s
degree, who comprise almost 14% of women’s construction workforce. However, women with
some college education or an Associate’s degree were observed to have the highest gender wage
gap (almost 15%), which was almost steady during the sample years, as well. The gender wage
gap for women with a high school diploma or lower education, who are the majority of the
women’s construction workforce, has shown a decrease in the wage gap from 2011 to 2015;
nevertheless, the gender wage difference is still significant (gap equal to 12%) in 2015.
In the study conducting the spatial analysis, the researcher identified that there was a
considerable regional variation of the gender wage gap in both A&E and construction occupations
across the states. While there was not a global spatial autocorrelation (significant geographical
221

pattern) of the gender wage gap, a few local spatial autocorrelations were observed in both A&E
and construction occupations. The descriptive analysis for states’ performance identified that while
almost half of the well-performers (states with the gender wage gap lower than the national
average) are highly-educated (compared to the national average), the majority of poor-performers
have a low-educated workforce. Considering the women’s share and states’ performance, it was
observed that the majority of well-performers have a high share of women (compared to the
national average), highlighting the possible influence of the participation of women in the AEC
occupations on declining the gender wage gap.
7.3. Recommendation to Industry
Although the construction industry is performing well in terms of racial/ethnic diversity,
the significant racial/ethnic wage disparities can cause the loss of the current diverse workforce. It
was confirmed previously that when the workforce feels they are not treated equally, they may
leave the industry, which can exacerbate the labor cliff issue. Additionally, if underrepresented
minorities continue getting paid lower wages because of their race or ethnicity or other factors
such as less working hours, experience, and schooling, while their distribution keeps growing, the
overall real wages in the construction industry will be negatively impacted. Additionally,
regardless of the possible reasons behind the significant racial/ethnic wage differences,
underrepresented minorities will be further discouraged to join the industry. This study also
confirmed that the significant racial/ethnic wage gaps are not explained away with the education
level of the workforce, and indeed have been increasing for the most educated minorities.
Therefore, the industry needs to pay attention to the wage gap issue, find the root causes, and try
to solve it before it gets worse. The A&E occupations have a better performance concerning the
racial/ethnic wage gaps. However, the industry should pay attention to the significant wage gaps
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for the workforce with a Bachelor’s degree, which is the most common degree to work in
engineering occupations. Neglecting this problem not only may discourage underrepresented
minorities to continue working in A&E professions, but could also bring problems at the education
level, with efforts that have been trying to attract minorities to engineering programs.
The A&E industry needs to pay attention to the significant gender wage disparities at all
education levels, which are also increasing for the most educated women. Considering women’s
poor participation in the engineering professions and the need for the industry to meet its demand,
neglecting significant gender wage gaps will lower the chances for the industry to attract women
to engineering jobs. For construction occupations, the industry needs to investigate the root causes
of the gender wage gap for women with some college education or lower education levels.
Considering the numerous efforts to attract and retain women to construction management
programs, it is expected from the industry to pay women who join the industry fairly, otherwise,
all the efforts that have been encouraging women to join the industry will be obliterated. Moreover,
the AEC industry in states with high gender wage gaps in both A&E and construction occupations
(mutual states in terms of high gender wage gaps in A&E and construction jobs) including Ohio,
Idaho, Mississippi, New Mexico, and North Dakota, should endeavor to reduce the considerably
high gender wage gaps and seek the best practices from the AEC industry in states that are
performing well in equal pay, including Connecticut, Vermont, Kentucky, Arizona, and South
Carolina.
It should be mentioned that equal pay regulations, although essential in decreasing the wage
gaps, are not the only solution to improving wage disparities, and closing the gap requires the
industry’s efforts to better understand the problem and address it. Closing the gender and
racial/ethnic wage gaps in the AEC industry is complex, and requires a holistic approach that needs
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the collaboration of parties from various organizations, from policymakers at the national level to
the industry leaders and managers of the AEC firms. Further, a fundamental change in the culture
of the AEC workplace that provides a more accommodating environment for women, such as paid
maternity leave and flexible working hours, may help encourage women to join the industry.
Providing parental leave for both male and female employees regardless on type of their contract
(full-time, part-time, etc.) and obliging the firms to let employees return to the same job or similar
job after the parental leave like European Union (European Union, 2020) can further encourage
attracting not only women but also men of all ethnic/racial backgrounds to join the industry.
Nevertheless, changing the culture of organizations and societies has been the most challenging
one based on previous studies ( Dainty, Bagilhole, & Neale, 2000).
7.4. Contribution
The main contributions of this study are summarized as follows:
Contribution to Practice:
•

A better understanding of the status of WUMs participation, and gender and
racial/ethnic wage gaps in the AEC industry

•

Identifying the target workforce by education, gender, and race/ethnicity that requires
industry’s attention to diminishing wage disparities

•

Identifying the states’ performance in terms of the gender wage gap by women’s share
and workforce education level
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Contribution to the Body of Knowledge
•

Identifying the temporal changes in gender and racial/ethnic wage gaps in the AEC industry
by education

•

Identifying the global and local spatial autocorrelation of the gender wage gap in the AEC
industry

7.5. Recommendation for Future Research
Future studies that are beyond the scope of this study but relevant to the topic are as follows:
1- Expanding the sample years for time series analysis of gender and racial/ethnic wage gaps
in the AEC occupations;
2- Spatial analysis of the racial/ethnic wage gaps in the AEC occupations;
3- Considering more control variables in explaining the gender and racial/ethnic wage gaps,
such as age, years of experience, union status, specific jobs in AEC professions, and major
of degree earned;
4- Investigating the key issues for failure in attracting women to the AEC industry, and
identifying possible strategies to improve it;
5- Studying the factors improving the retention and recruitment of African Americans and
Hispanics in engineering and construction programs from high school to college; and
6- Investigating diversity and inclusion issues for women and underrepresented minorities in
universities AEC programs.
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APPENDIX I. List of Metropolitan Statistical Areas
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Metropolitan Statistical Area (MSAs)
Albany-Schenectady-Troy, NY
Albuquerque, NM
Atlanta-Sandy Springs-Roswell, GA
Augusta-Richmond County, GA-SC
Austin-Round Rock, TX
Bakersfield, CA
Baltimore-Columbia-Towson, MD
Baton Rouge, LA
Birmingham-Hoover, AL
Boise City, ID
Boston-Cambridge-Newton, MA-NH
Cape Coral-Fort Myers, FL
Charleston-North Charleston, SC
Charlotte-Concord-Gastonia, NC-SC
Chicago-Naperville-Elgin, IL-IN-WI
Cincinnati, OH-KY-IN
Colorado Springs, CO
Dallas-Fort Worth-Arlington, TX
Deltona-Daytona Beach-Ormond Beach, FL
Denver-Aurora-Lakewood, CO
Des Moines-West Des Moines, IA
Detroit-Warren-Dearborn, MI
Houston-The Woodlands-Sugar Land, TX
Jacksonville, FL
Lakeland-Winter Haven, FL
Lancaster, PA
Las Vegas-Henderson-Paradise, NV
Little Rock-North Little Rock-Conway, AR
Los Angeles-Long Beach-Anaheim, CA
Miami-Fort Lauderdale-West Palm Beach, FL
Minneapolis-St. Paul-Bloomington, MN-WI
Modesto, CA
New Orleans-Metairie, LA
New York-Newark-Jersey City, NY-NJ-PA
North Port-Sarasota-Bradenton, FL
Ogden-Clearfield, UT
Oklahoma City, OK
Omaha-Council Bluffs, NE-IA
Orlando-Kissimmee-Sanford, FL
Palm Bay-Melbourne-Titusville, FL
Phoenix-Mesa-Scottsdale, AZ
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42
43
44
45
46
48
49
50
51
52
53
54
55
56
57
58
59
60

Portland-Vancouver-Hillsboro, OR-WA
Provo-Orem, UT
Raleigh, NC
Richmond, VA
Riverside-San Bernardino-Ontario, CA
Sacramento--Roseville--Arden-Arcade, CA
St. Louis, MO-IL
Salt Lake City, UT
San Antonio-New Braunfels, TX
San Diego-Carlsbad, CA
San Francisco-Oakland-Hayward, CA
Santa Rosa, CA
Seattle-Tacoma-Bellevue, WA
Spokane-Spokane Valley, WA
Tampa-St. Petersburg-Clearwater, FL
Virginia Beach-Norfolk-Newport News, VA-NC
Washington-Arlington-Alexandria, DC-VA-MD-WV
Wichita, KS
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APPENDIX II. The ACS Questionnaire Text
Gender
What is Person X's sex? Mark (X) ONE box.
[ ] Male
[ ] Female

Race
What is Person X's race? Mark (X) one or more boxes.
[ ] White
[ ] Black or African Am.
[ ] American Indian or Alaska Native -- Print name of enrolled or principal tribe. -->
__________________
[ ] Asian Indian
[ ] Japanese
[ ] Chinese
[ ] Korean
[ ] Filipino
[ ] Vietnamese
[ ] Other Asian -- Print race, for example, Hmong, Laotian, Thai, Pakistani, Cambodian, and so
on._________________________
[ ] Native Hawaiian
[ ] Guamanian or Chamorro
[ ] Samoan
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[ ] Other Pacific Islander -- Print race, for example, Fijian, Tongan, and so on.
[ ] Some other race -- Print race. -->

Hispanic Origin
Is Person X of Hispanic, Latino, or Spanish origin?
[ ] No, not of Hispanic, Latino, or Spanish origin
[ ] Yes, Mexican, Mexican Am., Chicano
[ ] Yes, Puerto Rican
[ ] Yes, Cuban
[ ] Yes, another Hispanic, Latino, or Spanish origin -- Print origin, for example, Argentinean,
Colombian, Dominican, Nicaraguan, Salvadoran, Spaniard, and so on. --

Age
What is Person X's age and what is Person X's date of birth? Please report babies as age 0 when
the child is less than 1 year old.
Print numbers in boxes.
Age (in years) [ ][ ][ ]
Month [ ][ ]
Day [ ][ ]
Year of birth [ ][ ][ ][ ]
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Education
What is the highest degree or level of school this person has COMPLETED? Mark (X) ONE box.
If currently enrolled, mark the previous grade or highest degree received.
NO SCHOOLING COMPLETED
[ ] No schooling completed
NURSERY OR PRESCHOOL THROUGH GRADE 12
[ ] Nursery school
[ ] Kindergarten
[ ] Grade 1 through 11 -- Specify grade 1-11 --> [ ][ ]
[ ] 12th grade -- NO DIPLOMA
HIGH SCHOOL GRADUATE
[ ] Regular high school diploma
[ ] GED or alternative credential COLLEGE OR SOME COLLEGE
[ ] Some college credit, but less than 1 year of college credit
[ ] 1 or more years of college credit, no degree
[ ] Associate's degree (for example: AA, AS)
[ ] Bachelor's degree (for example: BA, BS)
AFTER BACHELOR'S DEGREE
[ ] Master's degree (for example: MA, MS, MEng, MEd, MSW, MBA)
[ ] Professional degree beyond a bachelor's degree (for example: MD, DDS, DVM, LLB, JD)
[ ] Doctorate degree (for example: PhD, EdD)
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Occupation
What kind of work was this person doing? (For example: registered nurse, personal manager,
supervisor of order department, secretary, accountant)
____________________________________
Print one or more words to describe the kind of work the person did. If the person was a trainee,
apprentice, or helper, include that in the description.
Enter descriptions like the following: registered nurse, personnel manager, supervisor of order
department, secretary, accountant, high school teacher, etc.
Do not enter single words such as: nurse, manager, teacher, etc.

Wage and Salary Income
Wages, salary, commissions, bonuses, or tips from all jobs. Report amount before deductions for
taxes, bonds, dues, or other items
[ ] Yes --> $____________________.00 (TOTAL AMOUNT for past 12 MONTHS)
[ ] No
Mark the "Yes" or "No" box for each type of income, and enter the amount received IN THE
PAST 12 MONTHS for each "Yes" response.
If income from any source was received jointly by household members, report, if possible, the
appropriate share for each person; otherwise, report the whole amount for only one person and
mark the "No" box for the other person.
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APPENDIX III. American Community Survey (ACS) Occupation List

1
2
3
4
5
6
7
8
9
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Architecture and Engineering (A&E) Occupations
Architects, Except Naval
Surveyors, Cartographers, and Photogrammetrists
Civil Engineers
Environmental Engineers
Industrial Engineers, including Health and Safety
Petroleum, mining and geological engineers, including mining safety engineers
Drafters
Engineering Technicians, Except Drafters
Surveying and Mapping Technicians
Construction Occupations
First-Line Supervisors of Construction Trades and Extraction Workers
Boilermakers
Brickmasons, blockmasons, stonemasons, and reinforcing iron and rebar workers
Carpenters
Carpet, Floor, and Tile Installers and Finishers
Cement Masons, Concrete Finishers, and Terrazzo Workers
Construction Laborers
Paving, Surfacing, and Tamping Equipment Operators
Construction equipment operators except paving, surfacing, and tamping equipment
operators
Drywall Installers, Ceiling Tile Installers, and Tapers
Electricians
Glaziers
Insulation Workers
Painters and paperhangers (Painters, construction and maintenance)
Pipe layers, Plumbers, Pipefitters, and Steamfitters
Plasterers and Stucco Masons
Roofers and Solar photovoltaic installers
Sheet Metal Workers
Structural Iron and Steel Workers
Helpers, Construction Trades
Construction and Building Inspectors
Elevator Installers and Repairers
Fence Erectors
Hazardous Materials Removal Workers
Highway Maintenance Workers
Rail-Track Laying and Maintenance Equipment Operators
Miscellaneous construction workers including solar photovoltaic installers, and septic
tank servicers and sewer pipe cleaners
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APPENDIX IV. Gender Wage Gap, Women’s Share and Workforce Education in AEC
Occupations by State in 2015
A&E Occupations

States
Kansas
Delaware
Vermont
District of Columbia
Connecticut
Maryland
Kentucky
Montana *
California
Hawaii*
Arizona
Illinois
South Dakota*
South Carolina
Alabama
Rhode Island*
Nevada
Oklahoma
Virginia
Minnesota
New York
Massachusetts
Michigan
Tennessee*
North Carolina
Indiana
Colorado
Wisconsin
Texas
Florida
Georgia**
Missouri
Washington
Oregon
New Hampshire

Gender Wage
Gap
-20.17%
-19.91%
-16.60%
-13.63%
4.13%
4.24%
4.78%
5.52%
6.06%
6.86%
7.11%
7.35%
8.88%
8.92%
11.40%
12.72%
12.99%
13.65%
13.96%
15.73%
16.49%
17.25%
18.90%
19.81%
20.10%
20.33%
20.72%
21.04%
22.06%
22.70%
23.28%
23.32%
23.60%
25.96%
27.18%

% of AEC Workforce
with Bach/Above
15.01%
12.64%
13.84%
36.07%
20.48%
22.46%
13.74%
19.71%
19.37%
22.62%
13.73%
18.93%
10.68%
15.23%
12.62%
14.36%
12.96%
12.10%
18.17%
12.96%
19.03%
24.55%
15.58%
16.75%
14.06%
14.26%
21.65%
12.25%
14.92%
15.24%
14.42%
13.98%
18.46%
22.93%
17.05%
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Women’s Share
9.37%
40.34%
21.47%
32.36%
32.90%
17.35%
14.46%
14.20%
23.71%
25.50%
15.42%
15.34%
10.03%
12.26%
21.32%
15.47%
14.80%
14.75%
19.05%
21.22%
25.07%
22.28%
21.91%
24.87%
25.30%
16.10%
19.85%
15.98%
15.11%
18.35%
22.87%
17.31%
19.51%
19.32%
11.32%

Arkansas
Pennsylvania
Nebraska**
Utah
Iowa
West Virginia
Maine
Ohio
Louisiana
Idaho
Mississippi
New Mexico
New Jersey
Alaska**
North Dakota
Wyoming
Grand Total

28.53%
28.84%
29.73%
29.90%
30.93%
32.25%
32.56%
33.56%
33.57%
37.53%
38.41%
41.03%
45.18%
50.05%
51.50%
52.33%
17.97%

9.82%
15.50%
11.36%
15.54%
9.13%
10.32%
11.96%
14.26%
14.67%
15.51%
10.06%
11.01%
20.71%
23.67%
14.22%
18.60%
16.39%

Note: An increase in women’s share compared to previous sample years *
A decrease in women’s share compared to previous sample years **
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27.12%
16.06%
19.94%
14.88%
10.38%
12.16%
20.29%
15.94%
27.29%
17.41%
13.87%
8.71%
20.94%
25.24%
8.60%
4.73%
18.98%

Construction Occupations
States
Connecticut*
Utah*
Colorado
Pennsylvania
Massachusetts
Tennessee
Alabama
Kentucky*
Florida
Vermont
Rhode Island*
Nebraska*
Arizona*
South Carolina
Nevada
Alaska
California*
New York*
Illinois*
Maine
New Jersey
Maryland
Michigan
Wyoming
Washington
Kansas
Georgia**
Hawaii
North Carolina
Iowa
West Virginia
Texas
Virginia**
Arkansas
Louisiana-3.67%
Indiana

Gender
Wage Gap
-48.71%
-32.30%
-27.10%
-25.38%
-22.68%
-18.57%
-16.84%
-15.53%
-4.20%
-3.82%
-3.67%
-3.17%
-2.70%
-0.14%
0.92%
1.39%
1.50%
4.64%
5.87%
7.78%
8.78%
10.40%
11.70%
13.58%
13.89%
15.40%
15.88%
17.18%
17.59%
17.77%
20.64%
21.44%
21.94%
22.16%
23.33%
27.73%

% of AEC Workforce
with Bach/Above
20.48%
15.54%
21.65%
15.50%
24.55%
16.75%
12.62%
13.74%
15.24%
13.84%
14.36%
11.36%
13.73%
15.23%
12.96%
23.67%
19.37%
19.03%
18.93%
11.96%
20.71%
22.46%
15.58%
18.60%
18.46%
15.01%
14.42%
22.62%
14.06%
9.13%
10.32%
14.92%
18.17%
9.82%
14.67%
14.26%
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Women’s Share
2.02%
1.52%
1.93%
1.72%
2.22%
2.89%
4.07%
1.90%
2.96%
1.72%
1.62%
1.83%
2.50%
3.30%
2.97%
5.37%
2.24%
2.27%
2.27%
2.30%
2.06%
1.86%
2.95%
2.22%
3.19%
3.17%
3.36%
2.31%
3.01%
1.86%
2.90%
2.75%
3.73%
2.64%
3.16%
3.15%

Missouri
Ohio
Oregon
New Mexico
Montana
Oklahoma
District of Columbia*

27.77%
30.26%
33.45%
33.53%
33.90%
34.65%
35.32%

13.98%
14.26%
22.93%
11.01%
19.71%
12.10%
36.07%

2.78%
3.81%
4.59%
3.43%
2.89%
3.04%
5.65%

South Dakota
Minnesota
North Dakota*
Mississippi
Idaho
Wisconsin
Delaware
New Hampshire
Grand Total

38.41%
40.33%
45.54%
45.64%
45.75%
51.33%
56.12%
73.06%
11.00%

10.68%
12.96%
14.22%
10.06%
15.51%
12.25%
12.64%
17.05%
16.39%

1.91%
2.40%
3.85%
2.52%
3.50%
2.12%
0.97%
0.27%
2.66%

Note: An increase in women’s share compared to previous sample years *
A decrease in women’s share compared to previous sample years **
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APPENDIX V. BONFERRONI AND HOLM ADJUSTMENT
Table A. Racial/Ethnic Wage Difference in A&E Occupations (Unadjusted for Education)
Welch’s t-test
p-value

HISP vs WNH
AA vs WNH

0.000*
0.000*

HISP vs WNH
AA vs WNH

0.000*
0.000*

HISP vs WNH
AA vs WNH

0.000*
0.000*

Holm
Rank
Holm p-value
A&E-2007
1
2
A&E-2011
1
2
A&E-2015
1
2

Bonferroni
Bonferroni p-value

0.025**
0.050**

0.025***
0.025***

0.025**
0.050**

0.025***
0.025***

0.025**
0.050**

0.025***
0.025***

*Significant results with Welch’s t-test (p-value < 0.05)
** Significant results with Holm test (p-value < Holm p-value)
*** Significant results with Holm test (p-value < Bonferroni p-value
Table B. Racial/Ethnic Wage Difference in Construction Occupations (Unadjusted for
Education)
Welch’s t-test
Holm
Bonferroni
p-value
Rank
Holm p-value
Bonferroni p-value
Construction-2007
HISP vs WNH
0.000*
1
0.025**
0.025***
AA vs WNH
0.000*
2
0.050**
0.025***
Construction -2011
p-value
Rank
Holm p-value
Bonferroni p-value
HISP vs WNH
0.000*
1
0.025**
0.025***
AA vs WNH
0.000*
2
0.050**
0.025***
Construction -2015
p-value
Rank
Holm p-value
Bonferroni p-value
HISP vs WNH
0.000*
1
0.025**
0.025***
AA vs WNH
0.000*
2
0.050**
0.025***
*Significant results with Welch’s t-test (p-value < 0.05)
** Significant results with Holm test (p-value < Holm p-value)
*** Significant results with Holm test (p-value < Bonferroni p-value)
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Table C. Racial/Ethnic Wage Difference in A&E Occupations (Controlling for Education)

AA
vs
WNH
HISP
vs
WNH
AA
vs
WNH
HISP
vs
WNH
AA
vs
WNH
HISP
vs
WNH

Below Bach.
Bach.
Above Bach.
Below Bach.
Bach.
Above Bach.
Below Bach.
Bach.
Above Bach.
Below Bach.
Bach.
Above Bach. a
Below Bach.
Bach.
Above Bach.
Below Bach.
Bach.
Above Bach.

Welch’s
Holm
t-test
p-value Rank
Holm p-value
A&E-2007
0.555
6
0.050
0.006*
4
0.017**
0.156
5
0.025
0.000*
1
0.008**
0.000*
2
0.010**
0.000*
3
0.013**
A&E-2011
0.107
4
0.017
0.000*
1
0.008**
0.436
6
0.050
0.136
5
0.025
0.001*
2
0.010**
0.011*
3
0.013**
A&E-2015
0.000*
1
0.008**
0.004*
3
0.013**
0.215
4
0.017
0.219
5
0.025
0.002
2
0.010**
0.485
6
0.050

Bonferroni
Bonferroni p-value
0.008
0.008***
0.008
0.008***
0.008***
0.008***
0.008
0.008***
0.008
0.008
0.008***
0.008
0.008***
0.008***
0.008
0.008
0.008***
0.008

*Significant results with Welch’s t-test (p-value < 0.05)
** Significant results with Holm test (p-value < Holm p-value)
*** Significant results with Holm test (p-value < Bonferroni p-value)
Note a: There is no significant wage difference between HISPs and WNHs with above Bachelor’s
degrees based on Bonferroni p-value. However, there is a significant difference based on the Holm
p-value.
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Table D. Racial/Ethnic Wage Difference in Construction Occupations (Controlling for
Education)
Welch’s
Holm
Bonferroni
t-test
p-value Rank
Holm p-value
Bonferroni p-value
Construction-2007
AA
High School or Below 0.000*
2
0.010**
0.008***
vs
Some College
0.000*
5
0.025**
0.008***
WNH
Bach. & Above
0.785
6
0.050
0.008
HISP High School or Below 0.000*
1
0.008**
0.008***
vs
Some College
0.000*
3
0.013**
0.008***
WNH
Bach. & Above
0.000*
4
0.017**
0.008***
Construction -2011
AA
High School or Below 0.000*
3
0.013**
0.008***
vs
Some College
0.000*
4
0.017**
0.008***
WNH
Bach. & Above
0.001*
6
0.050**
0.008***
HISP High School or Below 0.000*
1
0.008**
0.008***
vs
Some College
0.000*
2
0.010**
0.008***
WNH
Bach. & Above
0.000*
5
0.025**
0.008***
Construction -2015
AA
High School or Below 0.000*
3
0.013**
0.008***
vs
Some College
0.000*
4
0.017**
0.008***
WNH
Bach. & Above a
0.017*
6
0.050**
0.008
HISP High School or Below 0.000*
1
0.008**
0.008***
vs
Some College
0.000*
2
0.010**
0.008***
WNH
Bach. & Above
0.000*
5
0.025**
0.008***
*Significant results with Welch’s t-test (p-value < 0.05)
** Significant results with Holm test (p-value < Holm p-value)
*** Significant results with Holm test (p-value < Bonferroni p-value)
Note a: There is no significant wage difference between AAs and WNHs with Bachelor’s degrees
and Above Bachelor degrees based on Bonferroni p-value. However, there is a significant
difference based on the Holm p-value.
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Table E. Average Income of Ethnic/Racial Groups with Higher Education in A&E
Occupations
Welch’s ttest
p-value

WNH
HISP
AA

WNH
HISP
AA

WNH
HISP
AA

Below Bach. vs Bach.
Bach. vs Above Bach.
Below Bach. vs Bach.
Bach. vs Above Bach.
Below Bach. vs Bach.
Bach. vs Above Bach. a
Below Bach. vs Bach.
Bach. vs Above Bach.
Below Bach. vs Bach.
Bach. vs Above Bach. a
Below Bach. vs Bach. a
Bach. vs Above Bach.
Below Bach. vs Bach.
Bach. vs Above Bach.
Below Bach. vs Bach.
Bach. vs Above Bach.
Below Bach. vs Bach.
Bach. vs Above Bach. b

2007
0.000*
0.000*
0.000*
0.172
0.000*
0.033*
2011
0.000*
0.000*
0.000*
0.046*
0.037*
0.145
2015
0.000*
0.000*
0.000*
0.006*
0.000*
0.024*

Holm

Bonferroni

Rank

Holm p-value

Bonferroni p-value

1
3
2
6
4
5

0.008**
0.013**
0.010**
0.050**
0.017**
0.025

0.008***
0.008***
0.008***
0.008***
0.008***
0.008

1
2
3
5
4
6

0.008**
0.010**
0.013**
0.025
0.017
0.050**

0.008***
0.008***
0.008***
0.008
0.008
0.008***

1
2
3
5
4
6

0.008**
0.010**
0.013**
0.025**
0.017**
0.050**

0.008***
0.008***
0.008***
0.008***
0.008***
0.008

*Significant results with Welch’s t-test (p-value < 0.05)
** Significant results with Holm test (p-value < Holm p-value)
*** Significant results with Holm test (p-value < Bonferroni p-value)
Note a: Based on Bonferroni p-value and Holm p-value, there is no significant wage difference
between the comparison groups. However, there is a significant difference based on the Holm pvalue.
Note b: Based on Bonferroni p-value, there is no significant wage difference between the
comparison groups.
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Table F. Average Income of Ethnic/Racial Groups with Higher Education in Construction
Occupations
Welch’s t-test

WNH
HISP
AA

WNH
HISP
AA

WNH
HISP
AA

2007
Highschool or below vs Some College
Some College vs Bach. or above
Highschool or below vs Some College
Some College vs Bach. or above
Highschool or below vs Some College
Some College vs Bach. or above a
2011
Highschool or below vs Some College
Some College vs Bach. or above
Highschool or below vs Some College
Some College vs Bach. or above b
Highschool or below vs Some College
Some College vs Bach. or above a
2015
Highschool or below vs Some College
Some College vs Bach. or above
Highschool or below vs Some College
Some College vs Bach. or above
Highschool or below vs Some College
Some College vs Bach. or above a

Holm

Bonferroni

p-value

Rank

Holm pvalue

Bonferroni
p-value

0.000*
0.000*
0.000*
0.285
0.000*
0.011*

1
3
2
6
4
5

0.008**
0.013**
0.010**
0.050
0.017**
0.025**

0.008***
0.008***
0.008***
0.008
0.008***
0.008

0.000*
0.000*
0.000*
0.027*
0.000*
0.035*

1
3
2
5
4
6

0.008**
0.013**
0.010**
0.025
0.017
0.050**

0.008***
0.008***
0.008***
0.008
0.008***
0.008

0.000*
0.000*
0.000*
0.152
0.000*
0.011*

1
3
2
6
4
5

0.008**
0.013**
0.010**
0.050
0.017**
0.025**

0.008***
0.008***
0.008***
0.008
0.008***
0.008

*Significant results with Welch’s t-test (p-value < 0.05)
** Significant results with Holm test (p-value < Holm p-value)
*** Significant results with Holm test (p-value < Bonferroni p-value)
Note a: Based on Bonferroni p-value, there is no significant wage difference between the
comparison groups. However, there is a significant difference based on the Holm p-value.
Note b: Based on Bonferroni p-value and Holm p-value, there is no significant wage difference
between the comparison groups.
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Table G. Gender Wage Difference in A&E Occupations (Controlling for Education)
A&E-2007
Welch’s
t-test
p-value Rank
Female
vs
Male

Below Bach.
Bach.
Above Bach.

0.000*
0.000*
0.000*

Below Bach.
Bach.
Above Bach.

0.000*
0.000*
0.000*

Holm

Bonferroni

Holm p-value

Bonferroni p-value

0.025**
0.017**
0.050**

0.017***
0.017***
0.017***

0.017**
0.025**
0.050**

0.017***
0.017***
0.017***

0.017**
0.050**
0.025**

0.017***
0.017***
0.017***

2
1
3

A&E-2011
Female
vs
Male

1
2
3

A&E-2015
Female
vs
Male

Below Bach.
Bach.
Above Bach.

0.000*
0.000*
0.000*

1
3
2

*Significant results with Welch’s t-test (p-value < 0.05)
** Significant results with Holm test (p-value < Holm p-value)
*** Significant results with Holm test (p-value < Bonferroni p-value)
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Table H. Gender Wage Difference in Construction Occupations (Controlling for
Education)
Welch’s
Holm
Bonferroni
t-test
p-value
Rank
Holm p-value
A&E-2007
Female High School or Below
0.000*
2
0.025**
0.017***
vs
Some College
0.000*
1
0.017**
0.017***
Male
Bach. & Above
0.246
3
0.050
0.017
A&E-2011
Female High School or Below
0.000*
1
0.017**
0.017***
vs
Some College
0.000*
2
0.025**
0.017***
Male
Bach. & Above
0.000*
3
0.050**
0.017***
A&E-2015
Female High School or Below
0.000*
2
0.025**
0.017***
vs
Some College
0.000*
1
0.017**
0.017***
Male
Bach. & Above
0.389
3
0.050
0.017
*Significant results with Welch’s t-test (p-value < 0.05)
** Significant results with Holm test (p-value < Holm p-value)
*** Significant results with Holm test (p-value < Bonferroni p-value)
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Table I. Average Income of Gender Groups with Higher Education in A&E Occupations
Welch’s ttest
p-value

Female
Male

Female
Male

Female
Male

Below Bach. vs Bach.
Bach. vs Above Bach.
Below Bach. vs Bach.
Bach. vs Above Bach.
Below Bach. vs Bach.
Bach. vs Above Bach.
Below Bach. vs Bach.
Bach. vs Above Bach. a
Below Bach. vs Bach.
Bach. vs Above Bach.
Below Bach. vs Bach.
Bach. vs Above Bach.

2007
0.000*
0.000*
0.000*
0.000*
2011
0.000*
0.004*
0.000*
0.000*
2015
0.000*
0.002*
0.000*
0.000*

Holm
Rank

Holm p-value

Bonferroni p-value

2
4
1
3

0.017**
0.050**
0.013**
0.025**

0.013***
0.013***
0.013***
0.013***

2
4
1
3

0.017**
0.050**
0.013**
0.025**

0.013***
0.013***
0.013***
0.013***

2
4
1
3

0.017**
0.050**
0.013**
0.025**

0.013***
0.013***
0.013***
0.013***

*Significant results with Welch’s t-test (p-value < 0.05)
** Significant results with Holm test (p-value < Holm p-value)
*** Significant results with Holm test (p-value < Bonferroni p-value)
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Bonferroni

Table J. Average Income of Gender Groups with Higher Education in Construction
Occupations
Welch’s
t-test
p-value

2007
0.000*
0.000*
0.000*
0.000*
2011
Highschool or below vs Some College
0.000*
Female
Some College vs Bach. or above
0.004*
Highschool or below vs Some College
0.000*
Male
Some College vs Bach. or above
0.000*
2015
Highschool or below vs Some College
0.000*
Female
Some College vs Bach. or above
0.002*
Highschool or below vs Some College
0.000*
Male
Some College vs Bach. or above
0.000*
Highschool or below vs Some College
Female
Some College vs Bach. or above
Highschool or below vs Some College
Male
Some College vs Bach. or above

Holm

Bonferroni

Rank

Holm p-value

Bonferroni
p-value

4
3
1
2

0.050**
0.025**
0.013**
0.017**

0.013***
0.013***
0.013***
0.013***

3
4
1
2

0.025**
0.050**
0.013**
0.017**

0.013***
0.013***
0.013***
0.013***

4
3
1
2

0.050**
0.025**
0.013**
0.017**

0.013***
0.013***
0.013***
0.013***

*Significant results with Welch’s t-test (p-value < 0.05)
** Significant results with Holm test (p-value < Holm p-value)
*** Significant results with Holm test (p-value < Bonferroni p-value)
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